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FEDERAL PUBLIC LANDS: THEIR POTENTIAL CONTRIBUTION 
TO FOOD AND FIBER NEEDS 
Russell L.  Berry 
I .  INTRODUCTION 
It is conunon knowledge that the world's population is increasing 
at an unprecedented pace. Food supply has become a major world problem 
particularly in the underdeveloped countries and is also a matter of 
concern in the developed countries where population is increasing at a 
slower rate and agricultural productivity is high. In view of these 
trends and the expected demand for food, what is the potential contri­
bution of the federal public lands to future food and fiber needs? 
Total non-federal, non-urban cropland of varying quality totals 
638 million acres in the 50 States .  About 336 million acres are now 
in use, and 80 million additional acres could be returned to use in a 
short time. Urbanization is using approximately 200,000 acres of 
cropland per year .l Federal public lands comprise 371 million acres 
in 17 Western States .  However only 3 . 3  million acres are classed as 
presently arable for either dry or irrigated farming. Another 35 
million acres are considered irrigable, but water is not now either 
legally or physically available for them. 
The purpose of this report is to assess the potential role of 
federal public lands in satisfying future food and fiber needs by 
reviewing (1) the projected trends in population, (2) the projected 
food and fiber needs, (3) the acres of cropland that will be required 
to produce the food and fiber needed, and (4) the potential contribution 
1
Food ! Fiber for the Future, report of 
mission on Food and Fiber (Washington, D . C . :  
Office, 1967), pp. 243-245 . 
the National Advisory Com­
u. s. Government Printing 
Russell L.  Berry is Associate Professor of Economics at South 
Dakota State University. Edward P. Hogan, Assistant Professor of 
Geography also at South Dakota State University, prepared some pre­
liminary information on population, food needs, and crop production. 
of the federal public lands to these needs. This analysis assumes 
that the maximum public benefit will be achieved if food and fiber 
needs are met at least cost. 
II. FUTURE POPULATION PROJECTIONS AND FOOD AND 
FIBER NEEDS, 1980 AND 2000 
Other things being equal,the demand for food varies directly_ with 
the number of people. If world population doubles by 2000 , food require­
ments will also double--especially in those areas of the world where 
food is barely sufficient to maintain life. With rising incomes the 
resulting increase in demand for food will probably mean that world 
supplies will need to increase by two a nd a half to three times .  Hence 
any study of the future demand for food must begin with a study of 
population prospects or trends. 
World Population and Food and Fiber Needs 
If present trends continue ,  world population is expected to double 
by the year 2000. In 1965 it was estimated to be 3 . 3  billion, and the 
medium projection for the year 2000 is 6 . 0  billion (Table 1) . The most 
rapid increases are taking place in Asia, Africa , and Latin America , 
areas of the world least able to bring their burgeoning population into 
bala nce with their food supplies .  Asia had 1 . 8  b illion people in 1965--
56 percent of the total world population. If current trends continue , 
even the medium projections indicate increases of 30 percent by 1980 and 
80 percent by 2000 . African population is expected to increase 60 
percent by 1980 and 150 percent by 2000 ,a nd in Latin America anticipated 
increases are 50 percent by 1980 and 150 percent by 2000. In contrast, 
population increases in Europe will probably be only about 10 percent 
by 1980 and 20 percent by 2000. 
The rapid population increases expected in Asia, Africa, and La.tin 
America are largely due to health and sanitation :improvements which have 
reduced infa nt mortality a nd increased longevity. These desirable 
measures introduced by the United Nations, national governments,  and 
private organizations ha ve had the ironic effect of preventing death 
by disease but increasing the likelihood of malnutrition and death by 
starvation. It is no w being recognized that malnutrition, particularly 
during infancy, may have most serious effects on mental as well as on 
physical ability. 
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Source: Population Bulletin (October 1965), p. 96. 
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The National Advisory Committee on Food and Fiber notes that the 
developing regions not only have two-thirds of the world population but 
that their populations are growing at almost twice the rate of developed 
countries with adequate diets. Furthermore, the Committee declares "if 
current trends in population, food demand and production continue, by 
1980, the food deficit of the developing regions could be too large for 
the physical and financial capabilities of the developing regions to 
overcome it. 112 
In this dismal situation, food aid programs may be only a short­
run palliative. Unless these programs are used with care, they can ruin 
market prices for native farmers and thereby discourage increased pro­
duction. Food aid can also mask the need for population control and 
food production in the underdeveloped countries. But even effective 
efforts to control population and produce food may be too late to 
forestall severe pressure on supplies, and food aid will still be needed 
in increasing amounts to prevent famines such as recently ocurred in 
India as a result of drought. But in the long run these countries must 
produce most of their own food or purchase it on world markets. (Trends 
in world food production per capita are shown in Figure 1 . )  
In some cases food aid can be used in underdeveloped countries to 
good advantage as incentive paymentsfor labor in the construction of farm­
to-market roads and other similar projects that will help the people 
become more self-sufficient. In general, aid should be centered on 
providing and developing teaching, training, research, and demonstration 
institutions. New capital for agriculture should also be emphasized. 
Seeds, fertilizers, insecticides, hand tools, and machinery are examples 
of pressing needs. In the short run, capital may have to come from 
foreign sources, but as soon as possible it should be provided by the 
peoples themselves with the aid and assistance of their governments.3 
2rood & Fiber for the Future, National Advisory Commission on 
Food and Fiber, p. 306.--
JRutillis H.  Allen, "The Role of Agriculture in World Economic 
Development," Agriculture and Foreign Economic Development, Technical 
Papers, Vol. VII, National Advisory Commission on Food and Fiber 
(1967), pp. 1-33. 
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New Low Cost Foods 
Crop yields in other countries will continue to increase rapidly, 
although at a slower pace than population,if present trends continue. 
Arthur and others have called attention to new low-cost foods 
that may be developed to help feed the world's growing population.4 
They point out that one of the serious food shortages is protein. At 
present, about 50 million metric tons of fish are harvested yearly, 
but it is estimated that this harvest could be increased to 250 million 
metric tons if more efficient methods were used and fish now unmarket­
able are utilized. 
Synthetic milk and meats from soybean, peanut, sunflower, and 
safflower proteins may greatly improve efficiency in production of 
needed proteins. Feeding these products to livestock in order to 
produce milk and meat is relatively inefficient. 
A fish protein concentrate (FPC) that is virtually odorless and 
tasteless may be an inexpensive �ay of providing needed proteins when 
added to conventional foods such as stews, soups, tortillas, and bread. 
A new rice variety (IRI-8) could double the world's rice production 
in the next 10 years. By the year 2000,production may have increased 
many times. 
A new field corn (Opaque 2) is capable of producing most of the 
amino acids that the body needs. General use of such a corn might 
greatly reduce malnutrition in Latin America where corn is a staple 
food. 
Lysine, an amino acid derived from fermented molasses, is a 
promising new food supplement that can be added to conventional foods 
to provide proteins almost equal to those in milk and meat. 
Yeasts, used during World War II in Germany, are also a promising 
source of protein although somewhat deficient in amino acids. Other 
micro-organisms can also be used such as fungi imperf ecti which 
synthesize proteins from products like blackstrap molasses, sweet 
potatoes, and corn starch. 
Algae farming is an especially promising source of foods and 
feeds for the future. Algae are most efficient converters of solar 
energy into foods and produce yields 20 to 40 times greater than most 
4H. B. Arthur, R. A. Goldberg and K. M. Bird, The United States 
Food �Fiber system in � Changing World Environment, Technieal Papers, 
Vol. IV, National Advisory Commission on Food and Fiber, p. 58. 
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farm crops. They are high in protein, but not so high as meat and fish; 
they are also fairly high in vitamins. Production costs are estimated to 
be $40to $100 per ton of 50 percent protein food , a cost that compares 
favorably with soybean proteins. 
There are a number of other possibilities for developing foods 
for the future. Arthur and others suggest that in the years ahead food 
may come from such strange sources as petroleum, methane gas , and 
chemical synthesis.5 Their estimates of the probability of commercial 
success by 1980 of the products discussed above are as follows: 
Product 
Lysine to supplement grains 
IRI-8 rice 
Opaque 2 corn 
Fish protein concentrates 
Protein foods from soybeans, 
peanuts ,  etc. 
Soybean milk 
Fungi proteins 
Protein foods from petroleum 
Protein foods from sea water 
Protein foods from sewerage wastes 
Protein foods from industrial wastes 
Plankton, chemical synthesis 














Perhaps by the year 2000 other possibilities will have been developed 
to meet food and fiber needs beyond that date. 
Foreign Demand for U.S. Food and Fiber 
Despite the rapidly growing populations in the developing 
countries ,  the strongest export markets for U.S. food and fiber are 
still found in the developed countries (Figure 2). In 1968, Japan 
was our best commercial market for agricultural exports. Canada, the 
Netherlands, the United Kingdom, West Germany, and Italy followed in 
that order. India took $500 million worth of farm products ,  but these 
were all under U.S. government programs. Pakistan and South Vietnam 
also received considerable government-sponsored farm exports. 
5Ibid., pp. 58-59. 
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In the United States,  total cropland harvested fell from 324 million 
acres to about 300 million during the last decade. At the same 
time, croplands harvested for export increased from about 50 million to 
75 million acres--50 percent. Farm exports are expected to remain 
strong and even increase in years ahead, but this increase is not 
expected to be great enough to warrant concern about our capacity to 
produce the foods demanded at home. Exports tend to be the surplus 
after domestic needs are met and to this extent are not competitive with 
local markets. The role of government programs in present major food 
exports is shown in Figure 3. While such programs probably will be 
continued, the vast food needs of developing countries can be trans­
formed into effective demand only over a relatively long period. Their 
use of our farm products for the next 30 years will probably depend 
heavily on foreign aid policies pursued by the United States. 
Thus the primary concern is whether future domestic demands for 
food and fiber warrant the development of the remaining federal public 
lands for dry or irrigated crop production at this time. Since popula­
tion in underdeveloped countries threatens to outrun food supply, will 
population in the United States also outrun our capacity to produce? 
Future U.S. Population and Food Needs 
Despite the steady population increase in the United States there 
has been no food shortage in this country. Price-depressing surpluses 
of foods and fibers have led to farm programs that have idled over 60 
million acres of cropland. Since 1950 total food consumption has 
increased more rapidly than population. (U.S. trends in population and 
food production are shown in Figure 4.) 
But what of the future? Population projections for the United 
States are presented in Table 2. The medium-high projections are for 
a 25 percent increase by 1980 and a 75 percent increase by the year 
2000. If these projections prove to be accurate , food and fiber needs 
will also increase 25 percent by 1980 and 75 percent by 2000. These 
needs can be met by a comparable increase in cropland, a comparable 
increase in yields , by imports, or by some combination of these methods. 
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Table 2.--Estimated population of the United States for 1965 with 
projections for 1980 and 2000 
Year and level Population Increase 
estimate over 1965 
(millions) (percent) 
1965 estimate 193. 8 
1980 projections 
Low 227.7 17 
Medium-low 235.2 21 
Medium-high 243.3 26 
High 250.5 29 
2000 projections 
Low 282.6 46 
Medium-low 307.8 58 
Medium-high 336. 0 73 
High 361.4 86 
Sources: U.S. Department of Commerce, Population Estimates,Bureau 
of the Census, Series P-25, No. 375 (3 October 1967), p. 18; Series P-25 
No. 381 (18 December 1967), pp. 76, 77, 94, 95. 
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III. PRIVATE CROPLANDS: CAN THEY MEET .FOOD AND FIBER NEEDS OF 19807 
Whether or not the maximum benefit of the general public will be 
served by disposal of arable federal public land for crop production 
depends in large part upon the production potentials of privately owned 
lands that are available for food and fiber production. This part of 
the report will review: 
(a) the trends in population growth , food consumption and 
production, 
(b) the recent study made for the National Advisory Commission on. 
Food and Fiber concerning the ability of U.S. agriculture to meet food 
and fiber needs of 1980, and 
(c) the prospects for meeting the food and fiber needs of the 
year 2000. 
U.S. Population Growth and � Production Trends 
Since 1950 the population of the United States has increased by 32 
percent, but farm output has increased by 42 percent (Figure 5). 
Perhaps the most significant point is that this remarkable increase in 
production was achieved by a 52 percent increase in crop yields and a 
34 percent increase in livestock production with 10 percent less 
cropland (Table 3). The achievement is all the more remarkable since 
between 1955 and 1967, acreage devoted to export ' crops iricreased 
from 47 million to 71 million,or 50 percent. 
The 42 percent increase in farm production has not only fed the 
sharp increase in population but fed it well. Since 1950 there has 
been a 4. 5 percent increase in per capita food consumption. There has 
also been a sharp increase in per capita use of beef and veal and a 
decline in cereal and bakery products (Figures 6 and 7). The result is 
a diet that requires considerably more farm production either by 
increasing acres or yields. Despite a 32 percent population growth; 
better diets , and a 50 percent increase in acreage of crops exported ,  
the nation has been able to meet the food needs that have arisen since 
1950. But reassuring as this performance has been, there are new 
challenges to food production. By 1980 the population may rise 
to the high estimate of 243 million people-- 25 percent above the 1965 
level. 
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POPULATION AND FOOD CONSUMPTION 
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Table 3 . --Trends in population and crop and livestock production , 
United States , 1950-1968 
1950 1955 1960 1965 1968 




- - - -
109 
112 
- Index numbers -
119 128 
123 133 
- - - -
132 
142 
Livestock production 100 112 116 126 134 
Crop production 100 108 121 129 137 
Crop production 
per acre 100 108 130 145 152 
Cropland used for crops 100 100 93 89 90 
Source: U . S .  Department of Agriculture Handbook of Agriculture 
Charts 1968, p. 10. 
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Given expected trends in crop yields and per capita consumption, 
would this increase in population, plus increased foreign demand, exhaust 
the supply of idle cropland by 1980? 
U.S. Agriculture and Food Needs, 1980 
Whether or not agriculture in the United States can meet the food 
and fiber demands of the population of 243 million expected by 1980 has 
been recently studied by Hea�v and Mayer for the National Advisory 
Commission on Food and Fiber.6 Their work, reviewed here in detail, 
should be of much help to the Public Land Law Review Commission as it 
seeks to determine what should be done with federal lands suited to 
crop production. The study could not have been made without a powerful 
tool, a multi-regional linear program, which Heady and Mayer used for 
the 144 producing and 31 demand regions involved. The authors studied 
four alternative "free market" farm programs (models) and found that an 
excess of 47 to 78 million acres existed under the first three plans so 
that only "a policy of exporting all quantities of major crops above 
domestic needs which the agricultural sector is able to produce" would 
exhaust the nation's excess capacity of 56 million acres of idle land 
by 1980. Heady and Mayer concluded that "given any policy other than 
all-out production, it is evident from the models analyzed that the 
agricultural econo� will continue to have surplus capacity for the forseeable future." 
The authors note that "unless society changes its views on what 
constitutes equitable returns to landowners, it is probable that 
programs for removing land from production will continue." Therefore, 
they analyzed models of three "controlled market" farm programs that 
involve restrictions on crop production. Their analysis revealed excess 
capacity with 45 to 71 million acres of idle land. 
Consumption Rates and Total Demand 
Obviously the number of acres of land that were found to be idle 
depends not only upon the population expected (243.4 million) but also 
upon per capita consumption, feeds required to produce livestock 
products consumed, expected level of exports,and finally, expected crop 
yields. 
6 Earl o. Heady and Leo V. Mayer, Food Needs and U.S. Agriculture 
in 1980, Technical Papers, Vol. �' National Advisory Commission on Food 
and Fiber, p. 63. 
7Tuid., p. 70. 
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Per capita food consumption is an important factor affecting the 
needs for foods and fibers in 1980 and hence the amount of idle acres. 
Since the consumption estimates used by Heady and Mayer in Table 4 are 
considerably higher than dressed or refined product rates would be, it 
appears that their rates are for live weight and unmilled grains. 
Efficiency in converting rough feeds into human foods is also an 
important factor affecting the amount of land needed in the future. The 
Heady and Mayer estimates of feeds and oilmeal required to produce 
1 ,000 pounds of livestock products are shown in Table 5. These human 
consumption and livestock feeding rates were then used to project the 
total demand for the four major crops--wheat, feed grains, soybeans and 
cotton--to 1980 under four levels of export. These figures are shown 
in Table 6. 
To translate the human and livestock consumption rates into acres 
of cropland, the expected yields of these crops must be estimated. The 
Heady--Mayer estimates for 1980 are presented and compared with 
historical trends of these crops in Table 7 .  Yields for the various 
States are shown in Table 8. 
The maximum cropland available for these seven major crops--wheat, 
corn, oats, barley, sorghum, and cotton--was as sumed to be equal to the 
maximum acreages which have been harvested in past years. For example, 
in 1965 the harvested and idled acres of these seven crops was 252 
million. Although 56 million acres were idle, they could easily be 
brought back into production if needed. 
Lands devoted to tame hay were not included in the study. other 
minor crops and fruits and vegetables were also omitted. In 1967, a 
total of 6.6 million acres of vegetables, fruits and nuts was harvested. 
Therefore, if demand warranted, their acreages could be doubled or 
tripled without greatly affecting the acreages of the seven major crops 
studied. 
Costs of production and transportation for the various crops were 
also projected to 1980 for the study. These included machinery, power, 
seed, chemicals, fertilizers, labor, and similar costs. Land and 
management costs were omitted since they would claim the net returns 
after other costs had been paid. 
Cropland Used and � Land in 1980 
Using these basic rates Heady and Mayer determined the amount of 
cropland that would be needed under the four free market and three 
controlled market situations previously mentioned. The results are 
summarized in Table 9. 
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Table 4 .--Estimated per capita consumption for 1964 with projection used 
in study of food and fiber needs for 1980 
Commodity Per capita consumption Increase ----
consumed 1964 1980 1950 1964 
1964 1980 
- - - - Pounds - - - - - - Percent - -
Livestock products 
Beef and Veal 183.8 203.5 47 11 
Pork 107 .5 97.0 1 -10 
Lamb and Mutton 8.6 7.2 5 -16 
Broilers 31.2 50.2 11 61 
Turkeys 7.2 11.8 16 64 
Dairy products 628.0 570.0 -5 -9 
Eggs (number) 314.0 290.0 -7 -8 
Grain products 
Wheat 160.0 142 . 8  -2 -11 
Corn 53.0 51.1 1 -4 
Oats 7.8 8.0 3 3 
Barley 1.4 1.1 0 -22 
Fiber products 
Cotton 22.1 21.6 -30 -2 
Sources: Heady and Mayer , Food Needs and U . S. Agriculture in 1980, 
Table 3 (per capita consumption only) -- these estimates are for undressed 
and unrefined products of farm. Statistical Abstracts of the United 
States 1967, p. 88 (1950 and 1964 statistics), 
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Table 5.--Estimated feed grains and oilmeal req�ired to produce 1,000 
pounds of animal product, 1964 and 1980 
Livestock 
fed 
Beef and veal 
Pork 
Lamb and mutton 
Dairy cattle (milk) 
Turkeys 





















Source: Heady and Mayer, Food Needs, Table 4. 











Table 6 . --Domestic use and export of four major crops for 1965 and 
projected levels for 1980 
Plan Wheat Feed grains Oilmeals Cotton 
bushels tons tons bales 
- - - - - - - - - - - Millions - - - - - - -
Actual level, 1965 
Domestic 587 130 17 9 
Export 867 29 11 4 
Pro,jected use2 1980 
Domestic 720 154 20 10 
ExEort levels 
Actual level, 1965 867 29 11 4 
Trend level , 1950-1965 1302 40 24 6 
Dumping level 2157 70 37 7 
Commercial level 560 36 17 5 
Source: Heady and Mayer , Food Needs ,  Table 6 .  Figures rounded . 
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Table ?;--Crop yields for 1948 and 1965 with projections used 
in study of food and fiber needs for 1980 
Crops Yields ger acre Percentage increase 
Studied 1950 1965 1980 1950 1965 1965 1980 
Wheat, bu. 16.5 27.2 32.3 65 19 
Soybeans , bu. 21. 7 24.6 29.3 13 19 
Corn , bu. 38.2 73.1 99.4 91 36 
Oats , bu. 34.8 50.2 59.l 44 18 
Barley, bu. 27.2 43.5 48.6 60 12 
Sorghum , bu. 23.4 .50.0 61.8 114 24 
Cotton, lbs. 26.9 53.2 75.4 98 42 
Sources: Agricultural Statistics 1965; Heady and Mayer, 
Food Needs , Table 2. 
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Table 8.--Yields of major field crops, actual 1965 and projected 1980 
==-_;_: .. ··�-=......:...::.=;..-· 
Bushels per acre 
Arca 
United States _ _ _ _ _ _______ 
New York _________________ 
N cw J crscy ________________ 
Pcnnsyl vania ______________ 
Ohio ________________ ---- - -
In<l�na ___________________ 
Illinois ____________________ 
Michigan _________ _________ 
Wisconsin _________________ 
lVlinncsota _________________ 
Iowa ___________ __________ 
M issourL _________________ 
Nor th Dakota _____________ 
South Dakota _ _ _ __________ 
N cbraska _ _ _ ______________ 
Kansas __________ _________ 
Dd:i.warc ___ ___ - - - - ------ ... 
.Mary laud _________________ 
Virginia ___________________ 
Wrst Virginia ____ __________ 
North Carolina _ ___________ 
Sou th Carolina _____________ 
Gcorgin. ___________________ 
Florida _ _ _ _ _ ______________ 




Arkansas _____ ----------- --
Louh;iana _______ �--- ·- - ---
Oklahoma ________ --___ - ---
Texas ______ _ _ _ _ _ _________ 
�lontana __________________ 
I daho _____________________ 
Wyoming _________________ 
Colom do __________________ 
cw Mexico _______________ N 
A rizonn ___________________ 
Utah _____________________ 
Washington _ _ _ _ _ __________ 
rcgon ____ ________________ 
















27.8 31. 6 
19.0 30.2 
27.5 43.7 
26.5 25. 7 
18.0 l!J. 5 
20.0 29.3 
24.0 30.0 









28.0 35. 7 
26.0 35. 1 
28.0 30. 1 
26.0 4.4. 1 





12.8 21. 8 
15.7 18.6 
24.5 27.0 






1965 1980 1965 1980 
-- --
24.6 29.3 73. 1 99.4 
15.0 19.2 57.0 73.4 
23. 5 28.9 68.0 90.8 
24.0 26.5 65.0 79.4 
24.5 30.5 75.0 95.2 
28.0 35.4 04.0 116. 1 
29.0 34.0 02.0 115. 2 
22.0 28.8 G2. 0 87.9 
18.5 19. 8 7G.O 95.0 
18.5 26.6 61. 0 80.3 
25.5 34.3 82.0 lO!J.2 
26.0 30.8 72.0 87.0 
18.0 17. !) 37.0 45.6 
17.0 20.5 3!J.O 48.0 
24.0 34.3 G7.0 89.9 
20.0 23.3 5!J.0 76.4 
25.0 29.6 75.0 86,4 
27.0 32.3 74.0 8·1. 0 
20.5 25.0 68.0 71. 9 
- - 50.0 57.5 
24.5 34.2 70.0 90.5 
22.5 30. 1 56.0 73. l 
20.5 26. 5 Il . 0 71. 0 
26.0 28.2 44.0 64.4 
24.0 31. 2 69.0 8!J.8 
23.5 31. 3 52.0 68.6 
23.0 34.0 44.0 58.9 
22.5 28.3 40.0 55.3 
21. 5 26.3 37.0 49. 1 
21. 5 31. 2 35.0 48.0 
15.5 24.4 34.0 47.6 
28.0 32.4 33.0 45. 1 
- - GO.O 100.3 
- - 78.0 112.7 
- - 5:i.O 112. 0 
- - 70.0 J 11. 3 
- - 55.0 84.5 
- - 27.0 39. !) 
- - 71. 0 97.4 
- - 75.0 129.0 
- - 74. 0 111. 9 
- - 84.0 129.3 





50.2 59. 1 
55.0 73.0 
37.0 44.9 
46.0 60. 7 
.56.0 7!J.4 
5:!. 0 (i!), (j 
57.0 G::J. 7 
4!). 0 65.6 
61. 0 77. 4 
55.0 64.0 
.54.0 G3.3 
36.0 48. 7 
52.0 60. 7 
43.0 48.5 
4.0. 0 45.4 
32.0 40.8 
38.5 28.6 I 
46.5 57. 1 




41. 0 56.8 
38.0 54.0 
37.0 52.0 




27.0 41. 5 
34.0 40.2 





:37.0 61. 0 
42.0 55.4 
55.0 5!.l.4 
54.0 :i5. l 
50.0 6!J.9 






48.0 59. 7 
48.0 48.8 
42.0 41. 1 
38.0 50.2 
39. 0 38.9 




32.0 41. 6 




43.0 58. 1 
43.0 51. 8 
43.0 58.7 
41. 0 46.9 
38.0 49. 1 
35.0 47.9 








31. 0 36. 1 






60.0 61. 9 
4!).0 56. 1 
46.0 49. 0 










70.0 87. 1 


























37.0 41. 2 




:35.5 39. l 
65.0 76. 7 































































































Table 9 .--Major crops and idle land, United States, 1965 with projections for 1980 under seven market 
situations 
Market p l an 
Present Plan, 1965 
"Free markets," 1980 
A Cotton acreage controls; exports 
at 1965 level 
B Cotton acreage controls; exports 
at 1950-65 trend 
C No controls; exports at 1950-65 
trend 
D �o controls; export dumping 
Controlled markets, 1980 
E Feed-grain program exports at 
1950-65 trend 
F Acreage quotas; exports at 
1950-65 trend 
G Acreage quotas; conunercial 
exports only 









Soybeans Cotton Idle land 
Millions of acres - -
34.6 13.6 56.0 
29.3 10.0 78.4 
42.5 11.3 47.0 
42.6 9.3 48.0 
58.6 9.7 o.o 
43.1 11.0 45.6 
42.2 11.5 38.0 
33.8 10.3 71.3 
Source: Heady and Mayer, Tables 7, 11, 15, 19, 23, 27, and 31. Assumes 251.2 million acres are 
used for these crops. Feed grains include corn, oats, barley, and sorghum. Hay and minor crops omitted. 
The four free market farm programs were analyzed to provide a 
benchmark for the three controlled market situations that Heady and 
Mayer believed most likely to prevail in the future. The free market 
plans result in greatly expanded wheat and soybean production as 
compared with 1965. Feed grains production would fall by about 20 
million acres unless all surpluses are dumped on the world market. 
Cotton acreage quotas are assumed to be in use with Plans A and 
B,  but the least amount of cotton is produced with no controls, as shown 
for Plan C and D (Table 9) . This indicates that cotton cannot compete 
with wheat, feed grains , and soybeans in some areas and raises questions 
about the need for cotton acreage controls. 
Idle land will increase under Plan A from 56 to 78 million acres , 
a 40 percent increase, unless exports exceed 1965 levels .  But even when 
exports are projected with 1950-65 trends in Plans B and C ,  only eight to 
nine million of the 56 million acres of idle land are needed for food 
and fiber production. 
Controlled markets achieved by feed grain programs or acreage 
quotas would result in the production of somewhat less wheat than under 
free market conditions but in more feed grains produced ( compare B and 
C with E and F) . 
In any event , only Plan D which calls for greatly expanded exports 
in 1980 would generate enough demand to utilize the excess capacity of 
U .S .  agriculture as represented by 56 million acres of idle land in 
1965. But Plan D is undoubtedly the most unrealistic of the seven 
plans . Wheat would have to sell for $4.40 per bushel to attract all 
the idle land into production (Table 10) .  Under the assumptions made 
in this study concerning consumption, yields , and exports , it seems 
probable that 40. to 6o million acres of idle cropland will still be 
available in 1980 to help meet the food and fiber needs between 1980 
and 2000. 
The probable location of these idle lands under two free market 
plans and two controlled market plans is shown in Figure 8 .  Under the 
free market plan, lands would be idled because they are not productive 
enough to pay the costs involved. In contrast, government programs 
tend to idle land more uniformly over the country regardless of its 
profitability. 
Free Markets versus Controlled Markets 
Will increased demands make possible a reliance on free markets 
to provide farmers and landowners with satisfactory prices in the 
future? Or will the federal government still find price support 
programs irresistible in 1980? 
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Table 10.--Prices required to secure production in the highest cost area 
needed to meet expected consumer demand in 1980 
Market Wheat Feed grains Soybeans Cotton 
plan bu . bu . bu. lb. 
Do llars per unit -
1965 (actual ) 1 . 34 1.10 2.49 .28 
"Free Market" plans 
A 1.11 .69 1.13 .26 
B 1 . 27 .76 1.25 . 27 
c 1.27 .75 1.23 .17 
D 4.40 2.53 6.19 .24 
Controlled market pl ans 
E 1 . 49 .78 1.28 .31 
F 1.92 1.48 1.19 .44 
G 1.17 1.41 1.04 .41 




P lan F 
PERCENT OF CROPLAND IDLED 
75•1. AND OVER 
t 50 0  - 74 9 •1. 
C&'\%\\'j 250 - 49 9  ·1. 
0 - 24 9 ·1. 
A feed gr3 i n  progran Nith trend level exports in 1980. 
An acreage quota prog:am Nith tr9nd l�v�l exports in 1980 . 




P J a n  A 
!. 
P l a n  C 
PERCENT OF CROPLAND IDLED 
- 75% AND OVER 
c::::::::J 50 0 - 74 9 % 
� 25.0 - 49 9  % 
C==:J 0 - 24.9 % 
A free :na r!�e t model 1965 leve l exports in 1980. 
Plan C A free market without cot ton queibs .:i11d �·1ith trend level exports 
in 1980. 
Figure 8 . - -Location of idled cropland under four farm p l 3 n s , 1930 
( Sou=ce : Heady and Mayer, Foo� Ne�ds ) 
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The Heady-Mayer study shows that none of the three possible free 
market farm plans (A, B, C) would result in major crop prices as high as 
those of 1965 (Table 10 ) .  Hence, strong resistance to these alternatives 
can be expected. On the basis of price alone, Plan F with acreage 
quotas is the most attractive of the six practical plans considered. 
Some idea of the subsidy involved can be obtained by comparing the 
free market prices (PlansA,B ,C) with the controlled market prices (Plans 
E ,F ,G) in Table 10 . The difference in these prices constitutes a tax on 
the consumers of farm products. The main justification of such a tax is 
that it prevents hardships to the owners and renters of farm land. Yet, 
even the lower prices of free market plans A , B , C  would be offset by 
increased yields and lower costs. The result, as the Heady-Mayer study 
shows, would be an increase in net income or economic rent as shown in 
Table 11. These increased returns would tend to be bid up into higher 
land prices.  For example, under Plan B in the Northeast, the net 
increase. in annual rent of $10 . 21,  if ca�italized at 5 percent, would result in an increase in land values of $204 ($10 . 21 + . 05 = $204) . In 
the mountain region, $11. 85 would capitalize at $237 an acre and in the 
Pacific, $J4.02 at $684. The increase in land values under the feed 
grain or acreage quotas of Plans F and G would be much higher. However , 
some of the returns might also be retained by farmers as a higher income 
for their management. In either case this study indicates that a 
decision to adopt a free market system would not result in farm incomes 
lower than present incomes. It would result in higher incomes but not 
so high as those provided by acreage quotas of Plans F and G .  
Consuming Regions and Location of Production 
Where should wheat, feed grains, soybeans and cotton be produced 
in the United States7 To help answer this question Heady and Mayer 
combined the 48 States into Jl consuming regions. Some small States 
in the East and South were combined as were Idaho and Montana, Nevada 
and Utah , and Arizona and New Mexico in the West. The demand for 
wheat , feed grains , soybeans and cotton was then determined for each 
of these regions. Next , the least cost per bushel or pound was 
calculated for each of the Jl consumption regions. This cost included 
both variable production transportation costs as well as the higher 
land rent that might result from increased demand for cropland limited 
by nature or artifically by acreage quotas. 
The resulting costs per bushel for wheat and feed grains are 
presented in Table 12 as prices that would have to be paid to meet 
expected consumer demand under the seven farm plans. Wheat prices show 
that demand relative to supply is the greatest in the northeastern and 
Pacific regions where the population will continue to be large and the 
supply of land suited for low cost wheat production will continue to 
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Table 1 1 . --Estimated increase in economic rent under seven farm 
programs by regions , United States , 1980 
Farm programs A B c D E F G 
-
United Stntcs - - - - - - - - - - - - - - - - - - Vollars per ncrc - - - - - - -
I 
- - - - - - - - ' - - - - - - - · 
X orth�nsL _ _ _ _ _ _ _ _ _ _  G. 29 10. 2 1  10. 13 63.05 12. 04 28. 32 19. 93 
Lu.kc States ___ _ _ _ _ _ _ _  3. 19 5. 16 5. 00 59: 42 5. 52 24, 52 20. 02 
Corn Belt_ _ _ _ _ _ _ _ _ _ _  3. 77 8. 0 1  7. 69 83.43 9. 76 33. 83 28. 08 
Northern Plains _ _ _ _ _ _  2. lil 4. 31 3. 94 46.52 7. 33 22. 22 l l. 83 
A ppnhirhinn _ _ _ _ _ _  . _ .  2. 3 1  5. 84 2. 93 59. i l  8. 41 28. G2 I 23. 75 Southeast _ _ __ _ _ _ _ _ _ _ _  . OS . 1 8  . lS 5 1 .  77 . 28 17. 43 13. 97 
Delta States _ - - - - - - - - ] .  31 4. 55 2. 70 57. 78 6. 88 I 25. 77 20. 34 Southern Plains _ _ _ _ _ _  22. 08 27. 07 17. 06 49. 65 28. 75 ·1�. 11  35.98 
:'.fountain _ _ _  - - - - - - - - 7. ZS 1 1. 85 11.  25 68.26 8. 93 23. 98 12. 1 7  
Pacific _ _ _ _ _ _ _ _ _ _ _ _ _ _  24. G l  34. 02 20. 58 68.2(; 30. 85 57. 63 38. 61 
! - - . . . 
Source :  Heady and Mayer , Food Needs , Tables 8 ,  12 , 16 ,  20 , 
24 , 28 and 32, 
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Table 12.--Wheat and feed grain prices required to secure production 
on the highest cost land needed to meet expected c onsumer demand 
in each region , present plan , 1965 , and seven projected plans , 1980 
Farm market plans 
Uni tcd Sta tcs _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Northeast_ _ - - - - - - - - - - - - - - - - - - - - � - - - - -
Lake States ___ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  � _ _  
Corn Belt_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
J\ orihc�n Plain"- . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Appalachian _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Sou tl:l'nst_ ____ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Dclt:i States_ - - - - - - - - - - - - - - - - - - - - - - - - -
Sou thcrn Plains _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
llfountnin _ _ _  - - - - - - - - - - - - - - - - - - - - - - - - -
Pacific_ - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Farm market plans 
Wheat : dol l a rs per bushel 
1965 A B c D E F G 
- - - - .. 
�1� 
I 
1. 27 1 .  27 4 . 40 1. 49 1. 92 1. 17 ..J 
-- -- -
1. 35 l. 35 1. 46 1. 45 4. <i4 1. 7 1  2 13 1.  '17 
1. 43 . 97 1. 05 1 . 04 3. 89 1. 38 1. 8 1  1 .  16 
1. 35 . 97 1. 08 1 . 08 4. 18 1. 35 1. 77 1. 06 
]. 36 . 67 . 78 - 76 3. 93 1. 06 1. 49 . 74 
1. 38 l .  32 1. 46 1. 45 4 . 46 1. 73 2 16 . 1. 45 
1. 42 J. 40 l. 48 ] _  48 4. 35 1. 83 2. 26 1. 61 
1. 2!) 1. 37 1. 49 1. 47 4. 54 1. 79 2 22 I. 45 I 
l. 34 1. 20 1. 38 l .  34 4. 5(i 1. 66 2. 08 l .  30 
1. 26 
I 
l. 04 1. 16 l. 15 . 4. 18 1. 15 1. 57 . !ll 
1.  34 1 .  13 1. 34 1 .  32 . 4. 3!) 1. 16 l. 59 1. 00 
-
Feed grains : dollars per bushel 
1965 A B c D E F G 
·...---- - --
United Stntes _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  I. 10 0. 69 I o. 76 1 o_ 75 2. 53 o. ·1s 1. 48 1 .  41 
Northeast _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1. 30 . 86 . 90 - !JO 2 . 63 . 95 1. 63 1. 57 
Lake States _ _ _ _ _ _ _ _ _ _ _ _  - - _ _ _ _ _ _ _ _ _ _  - - _ 1. 0 1  . 57 . 61 . 6 1 2. 42 - 63 I. 39 1 .  33 
Corn Belt_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1 .  08 . 47 . 52 - 52 2. 23 . 54 1. 22 l. JG 
N orthcrn Plains _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  I. 13 ' . 55 - 60 . 5!) 2. 40 . 62 1. 29 1. 15 
Appalachian _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1 .  24 . 83 . 89 . 8!.l 2. 61 . 94 1. 60 1. 55 
Southeast _____ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1 .  24 ' . 9 1  . 93 . 93 2. 70 . !)5 1. 70 l .  65 
Del ta Sta tcs _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  I .  27 . 86 . 94 . 94 2. 65 . 95 I. 66 l l .  60 
Southern Plains _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1 .  2.5 . 61 - 66 . 86 2. 59 . 67 l. 34 1. 24 
�lount:iin _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1 .  23 . 83 - 93 . 91 2. 81 1. 08 l. 77 1. 61 
Pacific _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1 .  44 i 1. 06 1. 16 1.  14 2. 90 1. 17 1. 85 . 1. 72 I 
Source:  Heady and Mayer , Food Needs , Tables 8 ,  12 ,  16 ,  20 , 24 , 




be scarce. Under all seven plans wheat can be most cheaply produced or 
provided in the Northern Great Plains and feed grains in the Corn Belt. 
The comparative advantage of these regions is most apparent under free 
market conditions. (Plans A ,  B ,  and C).  Under the feed grains and 
acreage quota programs these differences are reduced (Plans E,  F, and G ).  
The differences in  prices actually paid to  farmers in 1965 are also 
quite small because a national support price is set for each product 
supported and then State support prices are set on the basis of trans­
portation costs to the nearest major market. Because the large 
differences in costs of production are ignored, there are only small 
price differences among the regions. 
Conclusions 
Up to 1980, Heady and Mayer conclude that for all models studied 
"except the maximum production model which was aimed at determining 
potential levels of crop output , there remained excess land resources 
after the level of demand was satisfied. In the past several years , 
this excess productive capacity has been controlled by retiring a 
substantial acreage of cropland from production. However,  under these 
circumstances , society not only loses production gain from these acres , 
but also bears the expense of holding the land in id.leness.118 
After exploring the use of id.le cropland for pasture in case of 
greatly increased per capita beef consumption by 1980 , the authors 
conclude there would probably still be idle cropland in most regions 
amounting to a national total of from 37 to 39 million acres. 
Can this situation be expected to hold to the year 20007 The next 
section will assess America's century-end food and fiber needs. 
Can U.S. Agriculture Meet Food and Fiber Needs of Year 20007 
In the United States , there are 2 ,271 million acres of land. When 
the 369 million acres in Alaska and Hawaii are omitted, there remain 
1, 902 million acres in the contiguous 48 States of which 4-07 million 
acres are federal lands and 1 ,496 million acres are non-federal (mostly 
private) lands.9 
8Tuid., p. 89. 
9u.s. Department of the Interior, Public Land Statistics, (Bureau 
of Land Management, 1967) , Table 7. 
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According to a National Inventory of Soil and Water Conservation 
Needs made by the Soil Conservation Service , in 1958 there were 638 
million acres of land suited to regular or annual cultivation, but only 
373 million acres were actually in cropland. The balance consisted of 
113 million acres in pasture and range , 125 million acres of forest and 
woodland, and 26 million acres of other land ( Table 13) . If all these 
638 million acres were brought into production, the present 300 million 
acres of harvested cropland would be increased by 112 percent. This 
would be ample to meet the estimated medium high population increase of 
75 percent by 2000 even if yields on the new lands were considerably 
less than present national averages .  In addition, there are another 169 
million acres that could be used for intermittent or occasional crop 
production. Thus a total of 807 million acres is considered suitable for 
regular or intermittent cultivation. 
In view of the abundant supply of non-federal cropland, should the 
arable federal lands be disposed of for crop production? Under a free 
market for cropland the development of new land would tend to hold 
down farm produce prices and land values . Bu �  developing new lands when 
production controls are in use is difficult to justify since the two 
policies are generally contradictory. Yet it can be argued that 
developing new cropland in the Pacific region might be justifiable to 
help lower food costs there and thus restrain land prices.  Perhaps the 
same end could be achieved more effectively, however ,  by simply adjusting 
or removing production controls for that region. Generally the maximum 
benefit to the general public is achieved when food and fiber are 
produced at least cost to meet the demands of the various regions. They 
will tend to be produced at least cost if acreage , production quotas or 
other barriers do not interfere and if production in high-cost areas is 
not encouraged by no-cost lar.d (homesteads) and heavily subsidized 
irrigation development . Some of the comparative costs of developing 
new lands for crop production will be reviewed later in this report, 
but first the amount of federal lands suited for crop production will 
be examined. 
The evidence indicates that the present large supply of land 
suitable for production--when combined with increasing yields and new 
food sources--will be able to meet food and fiber needs for the future .  
This was also the conclusion of the National Advisory Commission on Food 
and Fiber when it declared " the United States has no shortage of the 
natural resources needed to produce food and fiber . This does not mean 
that some regional shortages may not occur , but with intelligent use 
and flexibility in regional production patterns , there is no forseeable 
shortage . 1110 
1°Food & Fiber for the Future , National Advisory Commission on 
Food anCf"Flber, p. 2'Ii3:° �-
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Table 1). --Non-federal, non-urban lands suitable for crop production 
in the 50 States , 1958 
Present use 
Cropland 
Pasture and range 
rorest and woodland 
Other uses 
Total 
Lands suitable for crop productiona 
Regular use I ntermittent use Total 






- - - - 1 ,  000 
-
acres 
48 , 993 
53 , 938 
58, 413 
7 , 838 
169 '  181 
- - - -
422 , 321 
167 , 330 
183 , 322 
34, 218 
807 ' 190 
Source :  United States Department of Agriculture , National Inventory 
of Soil and Water Conservation Needs , Soil Conservation Service , 1958, as  
published in Food & Fiber for the Future , p.  245. 
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IV .  FEDERAL ARABLE LANDS : ARE THEY NEED  FOR CROP PRODUCTION? 
Amount of Arable Federal Lands 
There are 371 million acres of federal public lands in the 17 
Western States under administrative control of seven major federal 
agencies (Table 14) . Much of this land is reserved for forests, and 
still more is used for grazing sheep and cattle . Some lands are parks 
and wildlife preserves ,  and others are utilized for defense activities .  
Much is mountainous and desert, presently unused by man to any extent. 
This analysis is based only upon public lands that are arable-­
deemed suitable for intensive agriculture or crop production by federal 
agencies that now have administrative control. Estimates secured in a 
companion study (Volume IV) indicate that only 2 . 0  million of the 371 
million acres of federal lands are suited for dryland crop production 
and that water is presently physically and legally available for only 
1 . 3  million acres suited for irrigated crop production (Table 15) . 
There are another 35 million acres that could be irrigated if water 
were available, but the prospect of these lands being brought into 
production by the year 2000 are so remote that they are not included 
in this analysis. 
Lack of water seriously limits the amount of irrigation possible 
in the West. As urban population and industry increase they will outbid 
agriculture for available water supplies .  It has been estimated that 
water for irrigated crop production is worth only ten cents per 1 ,000 
gallons while in industries requiri� water for processing, its value 
may exceed $5 . 00 per 1 , 000 gallons . In addition, irrigation is a 
consumptive use of water . Very little of it returns to streams where 
it can be re-used. In contrast, most urban and industrial use is not 
consumptive. The water is returned to streams where it is available for 
re-use or waste dilution. 
The pressure on water supplies in western water resource regions 
is indicated by the fact that 20 percent of the maximum sustainable 
flow is consumed as compared with only 1 percent in the eastern regions . 
Not only is there about one-third as much water in the West as in 
the East, but much more of it is used for crops . Of 64 million acre-feet 
consumed in the West, 60 million, or nearly 94 percent ,, were used up by 
irrigation. 
11c .  P. Barnes,  "Land Resource Potentials of the United States and 
World Regions , "  in Modern Land Policy, Land Economics Institute , Univer­
sity of Illinois (Urbana : University of Illinois Press,  1960) , p. 80 . 
Table 14. --Federal public lands estimated suitable for dryland or 
irrigated crop production in 17 Western States ,  1968, 
by agency 
Agency Federal lands 
held--totala 
Federal lands--arableb 
Bureau of Land Management 
Forest Service 
Bureau of Reclamation 
National Park Service 
Bureau of Sports , Fisheries 
and Wildlife 
Department of Defense 
Corps of Engineers 
Agency not determined 
Total acres 
National Grasslands e 
aPublic Land Statistics 
- - - - -
174,949 
143 , 789 




3 , 671 
3 , 211 
371,300 
1 , 161 
Dryland Irrig.c Irrig.d 




















1 , 313 
115 









35 , 086 
536 
12£.Z, Tables 7 and 9 .  
b As reported by agencies . See Vol. IV of this report. 
cDeemed irrigable with water physically and legally available. 
�eemed irrigable but water not now physically or legally available . 
eNational Grasslands/Land Utilization (LU) lands are administered 
by the Bureau of Land Management and the Forest Service. These acres 
are included in their figures .  
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Table 15 . --Estimated acres of land suitable for farming as reported by seven 
federal agencies in 17 Western States ,  1968 
State Federal Federal 
land land b 
owned a reported 
- - Millions of acres -
Arizona 32.4 33 . 0  
California 44. 4  44 . 7  
Colorado 24. 0  23 . 0  
Idaho 34. o  31.6 
Kansas . 6  . 6  
Montana 27 . 6  26 . 9  
Nebraska . 7  . 6  
Nevada 61 . 0  60 . 6  
New Mexico 26 . 7  26 . 1  
North Dakota 2 . 1  2 . 2  
Oklahoma 1 . 4  1 . 2  
Oregon 32.2  29. 6  
South Dakota 3 .4  3 . 3  
Texas 3 . 0  2 . 3  
Utah 35 . 2  35 . 2  
Washington 12 . 6  13 . 8  
Wyoming 30 . 0  J0 .7  
Totals 371 . 3  365 . 4  
aFrom Public Land Statistics �' Table 7 .  














































- - - -
7 ,145 
6 , 129 
298 













2 , 4J7 
35 ,068 
See Vol. IV of this report . 
While it may be physically possible to bring water to the West 
from the Columbia River or even the Yukon, the costs are prohibitive 
for agriculture and are likely to remain so for the forseeable future. 
When crops produced per 1 , 000 gallons are worth only a few cents , the 
water charge must be extremely low to make irrigated crop production 
profitable. Desalination of sea water iµay eventually ease the pressures 
on river and ground water in urban communities, but at present there 
seems little or no prospect that sea water can be utilized for irrigation. 
Available Arable Federal Lands 
It is assumed that arable lands held by the Forest Service , 
Department of Defense ,  National Parks, and Bureau of Sport Fisheries 
and Wildlife have high economic ,  political or social uses and will 
not be available for intensive crop production. Therefore this study 
is further limited to those lands that are under the control of the 
Bureau of Land Management, the Bureau of Reclamation, and the U . S. Army 
Corps of Engineers. These are believed to be the federal lands most 
likely to be brought into crop production in the next JO years. They 
total only 705 , 000 acres suited for dryland crop production and 
941 , 000 acres suited for irrigation for which water is presently 
available (Table 16 ) .  Most of the dryland acres are in Wyoming, 
Montana , North Dakota, and South Dakota. None of the other lJ States 
has over 200,000 acres and nine States have fewer than 100 , 000 acres. 
The average for each of the 17 States is only slightly more than 
100 ,000 acres. Irrigable land with water available amounts to J8?, 000 
acres in Wyoming and Jl4, 000 acres in Idaho. Washington has the next 
largest amount with 158 , 000 acres, and California has 1J7 , 000 acres. 
None of the other States has as much as 100 , 000 acres, and 10 States 
have less than 50 , 000 acres each. 
These lands, if used for crop production, would increase dryland 
harvested cropland in the 17 Western States by less than 1 percent and 
irrigated harvested cropland by only J percent (Table 17) . In only 
five States would the dryland be increased by more than 1 percent, and 
in only six States would irrigated land be increased by more than 1 
percent. Wyoming would have by far the largest increase, J4 percent 
in dryland and J5 percent in irrigated acreage. Idaho would have a 
5 percent increase in dryland with a 14 percent increase in irrigated 
land, and Washington and Colorado would have 11 and J percent increases 
in irrigated land , respectively. 
The number of new farms that might be created from these federal 
lands is quite small. If $5,000 were considered an adequate annual 
return to the farmer for his labor and management, then 1 , 200 acres 
of dryland crops or JOO acres of irrigated crops would be needed in 
J7 
\..;) co 
Table 16 . --Federa l pub l i c  l ands suited for crop production he ld by three f ederal agenc i e s  i n  17 
Ari zona 
















Tota l s  
Source : 
Western State s ,  1968 
Bureau o f  Rec l amation 


























































Estimates provided by these three 
Land� Cor12s of En9rs . Total 
Irrigated Dry land Irrig3ted Dry land Irrigated 
1 , 000 acres - - - - - - - - - - - - - - -
0 0 0 0 6 
0 0 0 4 20 
72 0 0 103 86 
1 60 0 0 83 306 
0 24 0 26 0 
0 5 0 105 5 
0 0 0 1 1 
0 0 0 0 2 
0 0 0 0 0 
0 18 0 22 0 
0 1 0 3 0 
0 0 0 60 23 
0 1 0 3 1  0 
:) 61 0 61 0 
0 0 0 0 1 
0 2 1 3 104 
284 0 0 203 387 
5 1 6  1 13 1 705 941 
agenc i e s ,  1968 . See Vol . IV o f  this report . 
\.....> '° 
Table 17 . --Private cropland harvested and arable federal lands held by Bureau of 
Land Management, Bureau of Reclamation and Corps of 
Engineers in 17 Western States 




















1 , 025 
7 ,846 
4, 726 
3 , 935 
18 ,160 
7 , 813 




8 , 344 
3 , 050 
14, 445 
19 ,408 
1 , 039 
4,423 
1 , 702 
130 , 243 
Dry land 
- - - -
20 
1,409 




13 , 167 
4 
218 
17 , 646 
8 ,084 
1,961+ 
13 , 310 
13 , 509 
270 
3 , 514 
598 
101, 836 
al264 U.S. Census of Agriculture , Vol. 
°Water available . IV of this report. 
Irrigated 
1 , 000 acres 
1 , 005 
6 , 437 
2 , 044 
2 , 239 
848 
1 , 380 






1 , 135 
5 , 899 
769 
909 
1 , 104 
28, 444 
Dry land 
o . o  
4. 1 
103.4 
83. 0  
26 . 2  
104.9  
0 . 7  
o . o  
o . o  
22.3 
2 .5  
59 . 6  
31.0 
61. 0  
o . o  
3 . 3  
203. 1  
705 . 2  
Irrigatedc 
- - - -
6 . o  
20 . 3  
85 . 9  
306 . 3  
o . o  
5 . 2  
1 . 0  
2 . 5  
o . o  
o . o  
o . o  
22 . 5  
o . o  
o . o  
1 . 1  
103 . 8  
386 . 6  
941 . 2  
2 , Chap. 3 ,  pp. 248-49 . 
b From Table 
* Less than 0 . 5  percent. 
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most areas of the West. Thus the 705 , 000 acres deemed suitable for 
dryland farming would create fewer than 600 new dryland farms, and the 
941, 000 acres suited for irrigation would create perhaps another 3 , 100 
irrigated farms in the 17 Western States .  
Even these estimates may be high. Much of this land is in small 
tracts scattered along streams that are often in mountainous areas 
difficult to reach and far from public services considered essential 
for modern living . It seems probable that they would eventually be 
used by ranchers for hay and winter feeds or to enlarge other farms 
that are too small to provide a satisfactory living . 
Probable Contribution of Federal Public Lands to Food 
and Fiber Needs 
The contribution of arable federal lands to future food and fiber 
needs depends not only upon their acreage but also upon potential crops 
and their yields . This analysis assumes that dryland crops grown and 
the acres of each crop will be approximately the same as planted acres 
of the major crops in the 11 Western States .  These States were used 
because the eastern portions of the Great Plains are not typical of the 
areas where most of the federal arable lands are located. It is also 
assumed that irrigated crops grown and the acres of these crops would 
closely approximate the pattern of irrigated crops in the 17 Western 
States as shown in Figure 9 .  Most of this irrigated cropland is in 
areas like those of the arable federal lands suited for irrigation. 
Finally, it is assumed that the yields of these crops will approximate 
average yields in the nation. 
With these assumptions Table 18 was prepared. It indicates that 
arable federal lands would increase the nation's 300 million acres of 
harvested cropland only slightly more than 0 . 5  percent (rounded to 1 
percent) . The increases by crops are also shown. Only barley and 
sugar beets would increase by more than 1 percent under these assumptions . 
Since any rise in yields by 1980 or 2000 would probably affect the new 
lands as much as the old, the percentage contribution of new lands to 
food and fiber needs would not change . 
The probable effect of arable federal lands an crops produced in 
each of the 1l Western States with such lands are shown in Appendix A 
Tables 1 - 1 1 .  Tbese tables are included to illustrate the small acreage 
changes that would occur if these lands were developed. They are not 
predictions of crops that might be grown. 
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USE OF IRRIGATED LAND, 
17 WESTERN STATES, 1959 AND 1964 





------- - - ------
All 1orghum1 ..... 
• 
I 
- - - - - -






Wild hay ............. t---
Ve9etablH 
for 1ale ........... . 
lice ···················· 
Sugar beet1 ....... . 
Dry bean•··········· 
lri1h potatoe1 ..... _ 
Ooh ................... . 
Alfalfa and 
clover Hed 






.,.., . .. .  , ,,. ,  rauu11. 
8 1 0  
MIO. I H u•• · • • 1 ) )  I COffl O. IC •uu. • CH U I Yl(I 
Figure 9 
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Table 18 . --Estimated effect of federal public lands suitable for crop 












Beans , dry 
Potatoes 
Sugar beets 
Vegetables , fresh 







16 , 017 
39 , 767 
9 , 177 





1 , 358 
1 , 228 
1 ,638 
1 , 675 
12 , 630 
Estimated use of arable public lands 
Dryland Irrigated Total Increase 


































































a1967 data for the 48 contiguous States from Crop Production, 1968 
Annual Summary !?z States,  U . S .  Department of Agriculture (Statistical 
Reporting Service , 19 December 1968) , p. 3 .  
bTotal arable federal lands divided by harvested cropland, 48 
States .  
* Less than 0 . 5  percent . 
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V. SOME COSTS OF DEVELOPING LANDS FOR DRY AND 
IRRIGATED CROP PRODUCTION 
The National Advisory Commission on Food and Fiber has declared 
that ''reclamation and land development projects paid for by public 
investment have significantly increased farm production in the past 
three decades ,  during which agriculture was plagued with overproduction 
and surpluses.  Clearly it is unsound policy to invest public funds in 
new farm capacity at a time when the overriding problem is too much 
capacity." Therefore "the Commission recommends that public funds for 
agricultural reclamation, irrigation, drainage and development projects 
should be justified � the basis of whether they represent the cheapest 
means of getting additional farm production--if needed. 1112 
In deciding whether public funds would be the cheapest way to get 
additional production, the Advisory Commission declared that "all land 
should be considered as a possibility for expanding output and the cost 
of transforming the land should be weighed against the cost of putting 
idle acres back into use . "  At the present time , over 60 million acres 
of cropland are idle (Table 19) .  Since the Heady-Mayer study indicates 
that 35 million acres or more will still be idle in 1980 despite a 26 
percent increase in population and a sharp increase in consumption rates ,  
it appears that the excess capacity problem is  certain to  persist 
well beyond that date. 
The fact that the government is currently paying farmers ,  either 
directly or indirectly, to keep these 60 million acres idle makes it 
quite clear that returning them to production would result in substan­
tial savings of public funds--a sharp contrast to transforming land 
through federal irrigation projects whose costs often exceed $1, 000 an 
acre . In 1959 the Bureau of Reclamation estimated the average cost of 
developing 9 . 5 million acres of new irrigated land ( or its equivalent 
in old cropland) at $921 an acre (Table 20) .  In the south Pacific 
region the estimate was $ 2 , 780 an acre, and for the other regions it 
ranged from $600 to $1 ,400. 
The Bureau of Reclamation also estimated non-federal costs of 
developing 2 . 7  million acres of irrigated land in the Western States 
(Table 20) .  The average was estimated to be $313 an acre with a range 
from $140 to $659 . 
12Food & Fiber for the Future , National Advisory Commission 
on Food and FiberTitalics in original) , p. 21 . 
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Table 19. --Land diverted from crop production by 







Acreage vation Feed Co
.
n\'Cr· Adjm· 
Year Rcscr\'C Rc\cr\'C Crain Wheat Cotton SIOll tnelllS T9t:1lt 
19.i6 12.2 1.4 
(million acres) 
13.6 
1957 2 U  6.4 27.8 
l!l58 17.2 9.9 27.l 
1 959 22.5 22.5 
J!)GO 28.7 28.7 
19Cil 285 2!i.2 53.7 
l!JG2 25.8 28.2 IQ.7 . . 61.7 
1963 2'1.3 2·1.5 7.2 0.1 56.1 
1964 17.4 32.4 5.1 0.5f . 0.1 55.5 
1963 14.0 3"-8 7.2 LOt 0.4 57..t 
1966§ 13.3 32.0 8.2 4.7 0.4 2.0 60.6 
• Source: l 'SD . .\. 
t Total <li\'erted including :1c1 eage dcrnted to· sub�tit11te crops. 
f :\ot required to he put to con,en·in!; uses. 
§ E"ccpt [ur c<>11�cn·atio11 rt'�ct \ e, rcpre�cnts enrolled acrca�c Agr. Stal>. and 
Cnnsct\'. Ser., 1 ·�n.\, ,Jgricu//urn/ Stati,;tic.s l'J66, GPO, p. 5·1 1 .  
Sourc e :  Food Goals Future Structural Chan es , 
and A ricultural Polic : A National Basebook Ames : 
Iowa State University Press ,  19 9 , p.  307, 
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Table 20 . -- I rri gation deve lopment costs per equivalent acre a s  est imated 
by Bureau of Recl amation,  1959 
Water resource New land eguiva l ent a Cost equivalent new land 
region Federal Non- :f'edera 1 Federal Non-fe der a l  
- - - 1 , 000 acres - - - - - Dol l ars per acre - -
Upper Rio Grande 
and Pecos 1 65 $ 750 $ -
Upper Mi ssouri 2 , 740 603 1 , 160 200 
Upper Arkan s a s  
a n d  Red 174 731 1 ,  1 67 207 
Lower Arka nsas 
Red-\1/hi te 52 566 
Western Gul f  796 88 730 659 
Colorado 1 , 200 69 1 , 374 140 
Great B a s i n  260 299 906 251 
Paci f i c  Northwest 2 , 650 802 646 484 
Cent r a l  P a c i f i c  1 , 445 84 681 384 
South P a c i f i c  18 24 2 , 780 425 
TOTALS 9 , 500 2 , 700 $ 921 $ 313 
Sourc e :  U . S . , Congress , Senate , Select Committee on National 
Water Resources , Future Needs for Reclamation in the Western States : 
Water Resources Activities in the United States , 86th Congress ,  2nd 
Session , 1960 , Committee Print 14 , Table 1 1 ,  p. 19.  
aincludes not only new, previously uncultivated irrigated lands but 
also allows for any previously cultivated lands scheduled to receive 
some water .  
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The initial stage of the Oahe Unit of the Missouri Basin Project has 
just been authorized. The initial stage calls for the irrigation of 
190 , 000 acres of land with total allocated costs of $25 . 8  million or 
$1, 083 an acre . By charging some of these costs to main-stem storage 
and power the cost is reduced to $881 an acre . Of this amount the land­
owner is expected to pay only 15 percent and Missouri River Basin power 
revenues ,  84 percent . Thus this project involves a subsidy of $740 to 
$910 an acre, the amount depending on cost allocation. 13 
While the necessity of subsidizing 84 percent of the cost of 
irrigation development clearly indicates that such development is not 
economic, the Bureau of Reclamation was still able to show direct 
benefits of $1 . 60 for each $1. 00 spent . The Bureau explains as follows : 
"Direct irrigation benefits result from the increase in net farm income 
with the application of water. These benefits include increases in 
family living and in accumulation of equity in the farm investment. 1114 
Quite obviously such benefits involve· double counting of net income--once 
Tlhen it is received and again when it is spent to improve family living 
or pay off debts . These and other weaknesses of the benefit-cost analy­
ses of the Bureau of Reclamation have been pointed out by several 
economists including Douglas and Renshaw. 15 (Renshaw ' s  article cited 
below is reproduced in Appendix B. ) 
Fortunately there are 113 million acres of pasture and range, 125 
million acres of forest and woodland, and 26 million acres of other 
land that can be used for regular or annual crop production (Table 13) .  
Moreover , there are another 169 million acres that can be used from time 
to time , and much of this acreage is in more humid areas of the United 
States where irrigation is not necessary. 
13u. s. , Congres s ,  House, Oahe Unit, llissouri �iver BA.sin Project , 
South Dakota� Report -9!! the Initiar S'taiie of the Oahe Unit • • •  , 9oth 
Congress ,  1st &ission, 1967, House Document l'b3; Table 2 ,  pp. 46-50. 
14Ib . d  _i_. ' p. 41 . 
15Edward F.  Renshaw, "Appraisal of Federal Investment in Water 
Resources" in Modern Land Policy, Papers of the Land Economics Institute , 
University of Illinoi5"1Urbana : University of Illinois Press,  1960) , 
Paper 17 ; and Paul H.  Douglas ,  � the Upper Colorado River Project is 
Against the Public Interest, Remarks in U . S .  Senate, 18 April 1955 
(Washington, D . C . : U . S .  Government Printing Office , 1955) . 
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How does the cost of clearing and draining land compare with the 
Bureau of Reclamation' s 1959 estimates of irrigation costs? A general 
survey of land clearing and draining costs was made by Wooten and 
Purcell in 1949 . 16 They found that there were many millions of acres 
of land that could be developed for farming by clearing and draining 
and cited the following costs per acre : 
Kind of work -- -- --
1. South 
Draining undeveloped land 
in drainage districts 
Clearing costs ( stumps remain) 
Clearing costs ( stumps removed) 
2 .  Northeast 
Brush cleared for seeded pasture 
Brush cleared for cultivated crops 
Light brush cleared from 
abandoned fields 
Clearing of brush and stone 
Clearing for drainage 
3 .  Southeast 
Custom clearing, group basis 
Clearing small trees and brush 
Clearing, stumping and draining 
Clearing or drainage 
Cost in dollars � � 
$ 5 - $ 30 
$25 
$50 - $ 75 
$50 - $110 
$95 - $160 
$15 - $ 30 
$50 - $100 
$30 - $125 
$36 - $ 50 
$25 
$60 - $ 75 
$4-0 - $ 55 
16 H. H. Wooten and Margaret R. Purcell, Farm Land Development : 
Present and Future � Clearing, Drainage and Irrigation, U . S .  Department 
of Agriculture Circular 825 (1949). 
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4. Mississippi River Delta 
Clearing land 
Buying and clearing land 
Cost of land and clearing 




Clearing heavy timber and stumps 
Cost in dollars � � 
$30 - $100 
$65 
$60 - $100 
$18 - $ 39 
$57 
$80 
up to $200 
No doubt some of these lands have been brought into production 
during the past 20 years.  It also seems likely that those most 
cheaply cleared or drained may have been the first developed. Hence , 
future costs will be higher not only because of inflation but also 
because lands remaining will be more dii'ficult and more expensive to 
clear and drain. Even so ,  the figures suggest that millions of acres 
of uncleared and undrained lands could be brought under cultivation for 
well under $200 an acre . 
Whether or not it is economical to clear and drain these lands is 
certainly another question. The fact that over 60 million acres of 
croplands have been retired from production under various governmental 
programs indicates that such development even at these low costs would 
not result in "maximum benefit for the general public" at this time . 
However, by the year 2000 these lands may be needed . If so,  demands 
for food will tend to result in higher farm prices and provide 
incentive for developing them. . 
VI. SUMMARY AND CONCLUSIONS 
Can U .S .  agriculture meet the food and fiber needs of 1980 and 
2000? What contribution can arable federal lands make that is 
consistent with "maximum benefit to the general public"? The purpose 
of this paper was to help answer these questions by a review and 
analysis of the situation which appears to be as follows :  
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1 .  While world population i s  expected to double by the year 2000 and 
thus create unprecedented demands for food, demands in the under­
developed countries must be met, except in time of drought or 
diaster, by local production. 
2 .  The U .S .  contribution to food and fiber needs of other countries 
will be maximized by providing fetilizers,  insecticides and other 
chemicals,  seeds, tools and technical help rather than food. 
J .  The demand for U . S .  agricultural production will continue to be 
largely limited to the needs of the domestic population and the 
developed countries that find it profitable to import our foods , 
feeds, and fibers . 
4. The U .S .  population is expected to increase about 25 percent by 
1980 and 75 percent by 2000. 
5 .  A study made for the National Advisory Conunission on Food and Fiber 
by Professors Earl Heady and Leo Mayer of Iowa State University 
indicates that, despite expected rises in population and foreign 
demand, the increase in yields and efficiency will be so great that 
no more than 20 million of the 60 million acres of idle cropland 
will be called back into production by 1980. 
6 .  A survey by the Soil Conservation Service indicates that out of the 
6J8 million acres of land suited for regular crop production in the 
United States in 1958 , J7J million acres were in cropland. Currently 
only JOO million acres of cropland are being harvested, and 60 
million acres have been retired from production by government 
programs . 
7 .  Even if there were little or no increase in yields and technology, 
U . S .  food and fiber needs of the year 2000 could be easily met by 
increasing crop acreage from JOO million to 600 million. 
8.  Of the J71 million acres of federal public lands, only J.J million 
acres are deemed arable or suitable for crop production by the 
seven federal agencies that now administer these lands• o� 
705 , 000 acres suited for dryland crop production and 941,000 acres 
suited for irrigation are likely to be available . These are lands 
held by the Bureau of Land Management , Bureau of Reclamation and 
the Corps of Engineers . The contribution of these 1 . 6  million acres 
of federal lands to food and fiber production needs would be very 
small indeed. 
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9 .  The Bureau of Reclamation estimated the cost of future federal 
irrigation projects at $921 an acre and non-federal projects at 
$JlJ an acre . Both these costs far exceed clearing and draining 
costs for millions of acres of land in humid areas of the United 
States .  The latter would seldom exceed $200 an acre . 
10. The evidence indicates that U.S. agriculture can easily meet food 
and fiber needs for both 1980 and 2000 without the use of the 1 .6  
million acres of federal lands considered suitable and available 
for crop production. 
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APPENDIX A 
Table A 1 . -- Arizona : Estimated probable use of federal p.iblic lands 
suited for crop production in the Western States 
Planted cropland Arable 
State non-federal lands federal 
land 
Acres Percent Acres 
Total 800 , 000 100 6 , 000 
Corn , a l l  32 , 000 4 240 
Oats * * * 
Barley 187 , 000 23 1 , 380 
Sorghum , a l l  254 , 000 32 1 , 920 
Wheat , a l l  55 , 000 7 420 
Rye * * * 
Rice * * * 
Cotton 248, 000 31 1 , 860 
Potatoes 1 1 , 000 1 60 
Beans Dry * * * 
Peas * * * 
Sugar Beets 13 , 000 2 120 
* Less than . 05 percent 
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Table A 2 . --California : Estimated probable use of federal public lands 
suited for crop production in the Western States 
Planted cropland Arable 
State non-federal lands federal 
land 
Acres Percent Acres 
--
Tota l  4 , 647 , 000 100 24 , 400 
Corn , a l l  326, 000 7 1 ,  708 
Oats 393 , 000 8 1 , 952 
Barley 1 , 618 , 000 35 8 , 540 
Sorghum , a l l  451 , 000 10 2 , 440 
Wheat , a l l  383 , 000 8 1 , 952 
Rye * * 
* 
R i c e  362, 000 8 1 , 952 
Cotton 595 , 000 13 3 , 172 
Potatoes 1 1 0 , 000 2 488 
Beans Dry 189 , 000 4 976 
Pe as * * * 
Sugar Beets 220, 000 5 1 , 220 
* Less than . 05 percent 
Table A J . --Colorado : Estimated probable use of federal public lands 
suited for crop production in the Western States 
Planted cropland Arable 
State non-federal lands federal 
land 
Acres Percent Acres 
Tota l  5 , 332 , 000 100 189 , 300 
Corn ,  a l l  501 , 000 9 17 , 037 
Oats 1 1 4 , 000 2 3 , 786 
Barley 279 , 000 5 9 , 465 
Sorghum, a l l  659 , 000 12 22 , 7 16 
Wheat , a l l  3 , 349 , 000 63 l l 9 '  259 
Rye 63 , 000 1 1 , 893 
Rice * * * 
Cotton * * * 
Potatoes 47 , 000 1 1 , 893 
Beans Dry 184 , 000 4 7 , 572 
Peas * * * 
Sugar Beets 136, 00'.) 3 5 , 679 
* Less than . 05 percent 
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Table A 4. --Idaho : Estimated probable use of federal public lands 
suited for crop production in the Western States 
Planted cropland Arable 
State non-federal lands federal 
land 
Acres -- Percent Acres 
Total 2 , 770 , 000 100 389 , 300 
Corn , a l l  8 2 , 000 3 l l ,  679 
Oats 73, 000 2 7 , 786 
Barley 542, 000 20 77 , 8 60 
Sorghum, a l l  
* * * 
Wheat , a l l  1 , 398 , 000 50 194, 65() 
Rye 1 6 , 000 1 3 , 893 
Rice * * * 
Cotton * * * 
Potatoes 307 , 000 l l  4 2 , 823 
Beans Dry 9 2 , 000 3 l l ,  679 
Peas 102 , 000 4 1 5 , 572 
Sugar Beets 158 , 000 6 23, 358 
* Less than . 05 percent 
Table A 5 . --Montana : Estimated probable use of federal public lands 
suited for crop production in the Western States 
Planted cropland Arable 
State non-federal lands federal 
land 
Acres Percent Acres 
Tot a l  6 , 54 6 , 000 100 l l O ,  100 
Corn , a l l  70 , 000 1 1 , 101 
Oats 244, 000 4 4 , 404 
Barley 1 , 319 , 000 20 22, 020 
Sorghum , a l l  
* * * 
Wheat , a l l  4 , 825, 000 74 8 1 , 474 
Rye 1 2 , 000 * * 
Rice * * * 
Cotton * * * 
Potatoes 8 , 000 * * 
Beans Dry 8 , 000 * * 
Peas * * * 
Suga r  Beets 6 0 , 000 1 1 , 101 
* Less than . 05 percent 
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Table A 6. --Nevada : Estimated probable use of federal public lands 
suited for crop production in the Western States 
Planted cropland Arable 
State non-federal lands federal 
land 
Acres Percent Acres 
-r--
Tot a l  55, 000 100 2 , 500 
Corn , a l l  6 , 000 l l  275 
Oats 10 , 000 18 450 
Barley 19 , 000 35 875 
Sorghum , a l l  * * * 
V\'heat , a l l  1 9 , 000 35 875 
Rye * * * 
Rice * * * 
Cotton * * * 
Potatoes 1 , 000 1 25 
Beans Dry * * * 
Pea s  * * * 
Sugar Beets * * * 
* Less than . 05 percent 
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Table A ?. --New Mexico:  Estimated probable use of federal public lands 
suited for crop production in the Western States 
Planted cropland Arable 
State non-federal lands federal 
land 
Acres Percent Acres --
Tot a l  1 ,  Ol l ,  000 100 0 
Corn , a l l  45 , 000 5 0 
Oats * * 0 
Barley 30 , 000 3 0 
Sorghum, a l l  424, 000 42 0 
Wheat , a l l  372 , 000 37 0 
Rye * * 0 
Rice * * 0 
Cotton 132 , 000 13 0 
Potatoes 3 , 000 * 0 
Beans Dry 5 , 000 * 0 
Pe as ** * 0 
Suga r  Beets * * 0 
* Less than . 05 percent 
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Table A 8 . --0regon: Estimated probable use of federal public lands 
suited for crop production in the Western States 
Planted cropland Arable 
State non-federal lands federal 
land 
Acres Percent Acres --
Total 1 , 744, 000 100 82, 100 
Corn , a l l  3 6 , 000 2 1 , 642 
Oats 155, 000 9 7 , 389 
Barley 298 , 000 17 13, 957 
Sorghum, a l l  * * * 
Wheat , a l l  1 , 080, 000 62 50, 902 
Rye 95 ,000 5 4 , 105 
Rice 
* -)(- * 
Cotton * * * 
Potatoes 50, 000 3 2 , 463 
Beans Dry * * * 
Pea s  10, 000 l 821 
Sugar Beets 20, 000 l 821 
* Less than . 05 percent 
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Table A 9 .--Utah : Estimated probable use of federal public lands suited 
for crop production in th e Western States 
Planted cropland Arable 
State non-federal lands federal 
land 
Acres Percent Acres 
Total 537 , 000 100 1 , 100 
Corn , a l l  46, 000 9 99 
Oats 30 , 000 5 55 
Barley 130, 000 24 264 
Sorghum, a l l  * * * 
Wheat , a l l  288 , 000 54 594 
Rye * * * 
Ric e * * * 
Cotton * * * 
Potatoes 8 , 000 1 1 1  
Beans Dry 9 , 000 2 22 
Pe as * * -¥.-
Sugar Beets 26 , 000 5 55 
* Less than , 05 percent 
61 
Table A 10 . --Washington : Estimated probable use of federal public lands 
suited for crop production in the Western States 
Planted c ropland Arable 
States non-federal lands federal 
land 
Acres Percent Acres 
Total 3 , 648 , 000 100 107' 100 
Corn , a l l  54 , 000 1 1 , 071 
Oats 61 , 000 2 2 , 142 
Bar l ey 235 , 000 6 6 , 426 
Sorghum, a l l  * * * 
Wheat , a l l  3 , 002, 000 82 87, 822 
Rye 52, 000 1 1 , 071 
R i c e  * * * 
Cotton * * * 
Potatoes 64, 000 2 2 , 142 
Beans Dry 9 , 000 * * 
Peas 121 , 000 3 3 , 213 
Sugar Beets 50 , 000 1 1 , 071  
* Less than . 05 percent 
62 
Table A 1 1 . --Wyoming : Estimated probable use of federal public lands 
suited for crop production in the Western States 
Planted cropland Arable 
States non-federal lands federal 
land 
Acres Percent Acres 
Total 758 , 000 100 589 , 700 
Corn , a l l  56 , 000 7 4 1 ,  279 
Oat s 1 18 , 000 1 6  94 , 352 
Barley 1 1 1 , 000 15 88, 455 
Sorghum, a l l  * * * 
Wheat , a l l  351 , 000 46 27 1 , 262 
Rye 27 , 000 4 23, 588 
R i c e  * * * 
Cotton * * * 
Potatoes 3 , 000 * * 
Beans Dry 38 , 000 5 29 , 485 
Peas * * * 
Sugar Beets 54 , 000 7 4 1 ,  279 
* Less than . 05 percent 
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Appraisal of Federal Investment 
in Water Resources 
EDWARD F. RENSHAW • 
Over the decades since 1900, appropriations by the federal government for 
the development of water resources have increased substantially. As of 
1954, appropriations from 1900 to 1954 were estimated to have amounted to 
14.3 billion dollars. E�penditures by the major project-building agencies 
for the fiscal year, 1958, are expected to be in excess of 850 million dollars, 
a moderate increase over 1957, and an increase of over 150 million dollars 
compared with 1956. Given the magnitude of federal expenditures, the 
general tightness of the budgetary situation, and the necessity of making 
dramatic changes in appropriations in order to maintain our national de­
fense, to prepare ourselves for the age of missiles and -space exploration, and 
to Jay the foundation for an era of unparalleled scientific and technical 
competition on an international level, scrutiny of expenditure policies in 
the area of water resource development is entirely apropos. Do expenditures 
in this area, by the federal government, represent the best use to which a 
limited amount of funds can be put? Can the trans£ er of resources from the 
private sector of our economy to the public sector be truly justified in the 
sense that benefits exceed costs? These are but a few of the difficult ques­
tions that must be asked as Congress reviews the demands which have been 
placed on the budget and attempts to ration funds among competing pro­
posals. 
The need for an economic appraisal of federal investment in water re­
source development programs rests essentially on the extent to which these 
• Research Associate, Department of Economics, University of Chicago. 
Reprinted by permi ssion from Modern Land Po l i cy ,  Papers 
of the Land Economics Institut e .  University of I l l i no i s  
( Urbana : University of I l l inois Pre ss , 1960 ) .  
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investments are subsidized by the general taxpayer as opposed to compara­
ble investments made elsewhere in our economy. The extent of the subsidy 
ranges from about 40 per cent, in the case of public power, to nearly 100 
per cent, in the case of navigation, flood control, and basin-wide irrigation. 
Since the benefits that accrue from public investment are more localized 
than the tax base that supports expenditures, the direct return from a par­
ticular project need not be as great as could be obtained by investing the 
same funds elsewhere in the economy in order to make a public project 
appear justified from a purely local point of view. On the basis of logic 
alone, one would anticipate that local groups would bring pressure to bear 
upon Congress and the agencies involved in water rec;ource development to 
construct local projects which would not be in the best interest of the na­
tion as a whole. 
An attempt has been made by the author to subject contemporary federal 
investment to a test that was largely independent of the elaborate pro­
cedures used by the various agencies to justify project construction.1 Atten­
tion was focused on four major aspects of water resource deve1opment: 
re�lamation, navigation, flood control, and power. The results of the over­
all analysis of these aspects of resource development suggested that a large 
part of contemporary investment cannot truly be justified in terms of ex­
pected benefits exceeding the opportunity cost of development. The need 
for a fundamental reappraisal of financial responsibility on the part of the 
federal government in this area was emphasized. 
In this paper, an attempt is made to extend the analysis in two ways. 
First, an endeavor is made to establish a theoretical framework from which 
one can view contemporary benefit-cost analysis within an economic con­
text. Second, an attempt is made to analyze the bias inherent in the estimat­
ing procedures of one specific water resource agency, thP- Bureau of Rec­
lamation, and thus demonstrate the way in which submarginal projects are 
"justified" to be in the public interest. The latter analysis is meant to be 
illustrative of biased estimating procedures rather than a specific criticism 
of the Bureau, since the various agencies are equally guilty with respect to 
the practice of presenting biased estimates to justify project construction. 
ECONOMIC AND THEORETICAL FRAMEWORK 
FOR BENEFIT-COST ANALYSIS 
In recent years increasing attention has been paid to the way in which 
the various federal agencies allocate resources for public improvements. The 
rather large body of independent procedures established by law and ad­
ministrative edict to aid in the selection of investment alternatives has been 
subjected to searching criticism both within and outside the government. 
It has been suggested that the evaluations ( commonly referred to as 
benefit-cost analyses) of water resource projects, by all agencies, "be put 
' Edward F. Renshaw, Toward Responsible Government ( Chicago: Idyia Press, 1957 ). 
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on a uniform basis, requiring balanced consideration of all benefits and 
costs which can reasonably be measured in dollars, as well as consideration 
of other values not readily expressed in monetary terms." 2 In light of this 
suggestion, the Federal Inter-Agency River Basin Committee is currently 
revising Proposed Practices for Economic Analysis of River Basin Projects. 
referred to hereafter as the Green Book. 
A purpose of this paper is to establish a correspondence between "pro­
posed practices" and established economic theory. Attention is focused on 
the object of benefit-cost analysis or benefit measurement and on the budget­
ing of project resources and costs. 
To make the notions underlying contemporary benefit-cost analysis com­
pletely general and to make them correspond to established economic 
theory, benefit-cost analysis is assumed to have the objective of maximization 
of the "social welfare" over time.8 The welfare to be maximized corresponds 
to increments in consumer and producer surplus4 unobtainable \vithout 
public action. 
From an allocative point of view the surplus is regarded as a return to 
public action. The returns are generally distributed in three directions : ( l) 
to political factors of production either in the form of compensations directly 
associated with the office itself or compensations derived indirectly from• 
those who benefit from public action; ( 2 )  to nonpolitical factors of produc­
tion with inelastic supply schedules which have their prices bid higher than 
would have been the case without pubuc action; and ( 3)  to consumers in 
the form of lower prices paid for goods consumed than would otherwise 
prevail. 
In order to arrive at a net surplus ( benefit) for any specific project, one 
must deduct from gross surplus the value of the alternative product that 
1 Presidential Advisory Committee on Water Resources Policy, Water Resources Policy 
(Washington: CPO, 1956) ,  p. 12. 
' II  the benefit-cost ratio is used as a maximizing tool, alternative assumptions as to 
what Is being maximized can lead to a marked instability in the computed ratio, depend­
ing on the extent to which associated costs are netted out of gross benefits before the 
ratio is computed. Since benefit-cost ratios are also subject to relevant variation due to 
differences in product demand, underlying production functions, and factor supply 
prices, this author is inclined to reject their use as an indicator of either project priority 
or social goodness. The correct criterion for choosing among projects, assuming all 
resources have been properly valued or costed, is to select those projects with the largest 
surplus of benefits over costs. An advantage of this criterion is that it will lead to 
ronsistent results in many cases even though the object of maximization is assumed to 
be different; i.e., it makes no diHerence whether the object of maximization is the 
return to water as a scarce resource put to its highest alternative uses, the return to all 
resources used by the project, the social return associated with investing capital on 
public account, or what I choose to call, in this paper, the "social welfare." 
If public capital is rationed such that not all mutually e:<clusive projects with benefit­
cost ratios in excess of unity can be undertaken, it may be necessary to substitute into 
the fixed budget various alternatives until one is convinced that the aggregate return to 
the entire budget is maximized. 
'For a discussion of consumer and producer surplus, see Alfred Marshall, Principle$ of 
Economics, 8th ed. ( New York: Macmillan Company, 1952), p. 811. 
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could have been produced if resources had not been diverted to the produc­
tion of project output. 
Benefit Measurement 
Any attempt to measure the social surplus or benefits resulting from a 
project 15 contains an assumption that for every good or service produced 
there exists both a demand relationship and a supply relationship which are 
independent of each other and independent of the acceptance or rejection 
of project alternatives. 
The demand for the output of a proposed project is an excess demand 
derived by subtracting the supply schedule that would exist without the 
project from aggregate demands. The social surplus or benefit has been de­
fined as the maximum amount consumers would be willing to pay for al­
ternative outputs given the all-or-none proposition of consuming each out­
put separately or of forgoing consumption of project output entirely. 
If the criterion for benefit estimation is a willingness to pay either indi­
vidually or collectively for benefits received, then the notion of a benefit 
corresponding to social surplus by definition contains every conceivable 
benefit associated with project output. Additional benefits should not be 
claimed unless there is associated with the output under consideration a 
joint product with a positive excess demand which would be forgone with­
out public investment.6 
The only kind of excess demand curve from which it makes sense to esti­
mate the benefits from project investment, is an excess demand computed 
from demand and supply schedules that would exist in the absence of gov­
ernment intervention on behali of pricing policies. Obviously if production 
is being restrained in order to maintain a higher market price than would 
otherwise prevail, it would be inappropriate to value public output at the 
supported price, since any surplus associated \vith a price reduction to the 
free market equilibrium level could be obtained without cost by merely 
removing the restraint on production. The reverse argument holds for 
prices that are being held below free market equilibrium levels since con­
sumers value incremental output at a much higher price than they are per­
mitted to pay. 
• Unless the income-generating effects of a project are large in relation to total income 
and/or the income elasticity of demand for project output high, a partial equilibrium 
analysis of aggregate demand will yield an estimate of the social surplus sufficiently 
close to the general equilibrium case that income-generating effects of the project can 
be ignored. From the standpoint of the nation as a whole, the income-generating effects 
of any one wo.ter resource project are bound to be so small as to only imperceptibly 
influence aggregate demand. 
• If the notion of secondarv or indirect benefits, which has recently crept into the project 
analysis of the Bureau of Reclamation, makes sense, it must refer either to consumer 
surplus stemming from lower product prices, to producer surplus stemming from higher 
factor prices than would otherwise exist, or to the production of joint products in excess 
demand. From the point of view of the analysis in this paper, all of these benefits are 
primary and should be regarded as such in project analysis. 
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The same line of reasoning holds with respect to marginal taxes. If 
marginal taxes on output or on some necessary factor of production such as 
capital are not to be treated as costs, then the only relevant excess project 
demand would be a curve computed from demand and supply schedules 
existing in the absence of federal excise taxes. 
Neither the social surplus lost because of the tax nor the value of the 
excise tax should be counted as net project benefits since such benefits 
could be obtained by altering the tax structure, without the aid of project 
investment. 
Estimating Project Demand 
Excess (project) demand is defined by the prices prevailing when al­
ternative quantities of project output are added to the amounts others sup­
ply. If the maximum price consumers are willing to pay for any amount of 
project output is the price prevailing in the market without the project, 
then the prevailing market price imposes an upper limit on the true project 
demand function. 
If project output is so small as to only imperceptibly affect market price, 
we can assume a perfectly elastic demand for project output. An exact 
measure of the social benefit from public output is obtained by multiplying 
expected output by the expected market price at which the project output 
is sold. This procedure for estimating benefits corresponds, in general, to 
actual practices of the various agencies, where goods and services produced 
have market values. 
If the project output is so large as to perceptibly affect the market price, 
an allowance must be made for the fact that consumers place a smaller 
value on successive units of output. Assuming that the excess demand for 
project output is linear, an exact measure of the social benefits, correspond­
ing to the area under the demand curve, is obtained by averaging the market 
prices that would prevail both with and without the project and by multi­
plying this average price by the expected output. This procedure for esti­
mating benefits corresponds to what is recommended in the Green Book.1 
The analysis of benefits stemming from products for which there exists 
no perfect substitute in the market poses difficulties.8 Conceptually the pro­
cedure for estimating benefits is the same. The problem of course is that 
' In general, the various agencies make no allowances for a fall in prices resulting from 
large project outputs. This is true even with respect to inland waterway investment 
where a large part of the beneRts from navi�ation are assumed to accrui: from traffic 
which does not Bow because of prohibitive freight rates. The proposed Hell's Canyon 
dam represents an e."tcellent example of a case where the benefits from a large increment 
In power were analyzed without taking into account the possibility of a downward 
sloping demand. 
The �1issouri River Basin Project represents a case in which a 75 per cent increase 
In sugar beet production was postulated without taking into account either demand 
effects or artificial restraints imposed upon supply to maintain sugar prices. 
' Such benefits are often discussed in the literature as intangibles and as extra market 
values. 
7 1  
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market data cannot be used in estimating the excess project demand unless 
one is prepared to assume that the true parameters governing aggregate 
demand bear close relationship to parameter estimates for close substitutes.• 
Some hope exists for being able to estimate the aggregate demand for 
certain nonmarketable outputs10 in terms of marginal output expenditures 
by local and state governments. Assuming that demand is stable geo­
graphically and that the cost of producing public output varies from one 
area to another, crosssectional data on public expenditures can be used to 
identify the social demand. The idea underlying an aggregate demand 
function of this type is that the social demand for public output is expressed 
by the willingness of governments to appropriate funds for alternative 
quantities of output received. Given an estimate of the aggregate demand 
for nonmarketable output, an excess project demand can be obtained by 
subtracting from this estimate the supply that would be produced by gov­
ernment without the project. 
In those few instances in which licenses to exploit public goods and 
services are sold, as is the case with respect to fish and wildlife, there is some 
hope of being able to estimate aggregate demand directly from cross-sec­
tional data on license fees. Where there exists no market. price for the asset 
produced or saved by the project, as is the case with respect to human 
capital, a benefit might be estimated by capitalizing expected net income 
streams . 
. The task of assigning dollar values to nonmarketable outputs may not be 
as hopeless as many in the field of resource analysis would have us believe. 
In fact the theoretical and empirical difficulties associated with identifying 
the social demand for public goods and services may be no greater than the 
problems encountered in an attempt to identify the demand parameters for 
marketable outputs. 
When a good is entirely a public good and the parameters governing 
social demand are unknown, the rational approach to resource allocation is 
to maximize per capita .output ( consistent with some rule or restraint 
specifying an equitable distribution) for a given appropriation. This ap­
proach would be equivalent to minimizing .the per unit cost of producing 
public output. 
Given a behavioral rule which specifies that ihe costs of producing any 
quantity of public output must be minimized, it is immediately apparent 
that the marginal cost of producing a comparable public good by the cheap­
est alternative means imposes an 1 upper limit to the excess demand for 
project output. To fully define the excess demand function for the non­
marketable output of a given project, it would be necessary to know, in addi-
8 An expedient way of estimating norunarket values associated with project investment 
is to estimate an excess demand for the closest marketable substitute and assume this 
estimate will approximate the true excess demand. 
10 One of the chief problems associated with estimating the social demand for intangib1es 
is developing suitable measures for quantifying output and/or consumption. 
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tion to the alternative cost of producing project output, the aggregate 
amount government is willing to appropriate for production of the good in 
question and the rules to insure that the good in question is equitably 
distributed. 
Viewed from a slightly different perspective, excess demand for a non­
marketable output is a schedule of average prices paid for alternative project 
outputs by an agency endowed with the responsibility of purchasing and 
distributing at minimum cost the entire public output. 
Although the idea of alternative cost pricing is used extensively by the 
various agencies in measuring benefits, little attention is paid to the fact 
that distributional considerations and the aggregate willingness of govern­
ment to appropriate funds for nonmarketable output is expected to eventu­
ally create inelasticity in the excess ( project ) demand for such output. 
Auigning Market Values to Output 
Placing a value on public output has as its objective a narrowing of the 
alternatives that must be considered in order to insure a social maximum. 
By assigning a market value to the resources used to produce project output 
and by agreeing to accept only those projects where benefits equal or exceed 
costs, one excludes from further choice analysis the market alternatives 
which would yield benefit-cost ratios of unity. The market values assigned 
to project resources can be presumed to reflect the value of the alternative 
product forgone by society in the market as a result of the project. 
Public investment in the market must always be considered a relevant 
choice alternative if project resources are assigned social costs which are 
less than their market value in producing comparable product. A given 
project would not be socially justified unless it were expected to yield a 
greater su.-plus of benefits over costs than could be obtained by diverting its 
resources into the market. 
The idea of costing resources, so as to narrow the range of alternatives 
that must be considered in order to achieve a social maximum can be ex­
tended to social as well as to market alternatives. With respect to irrigation, 
for instance, the use of water as an agent of dilution in pollution control 
has a certain opportunity retum.11  The pollution control alternative can be 
excluded in a choice sense from further analysis by costing the opportunity 
return forgone as a result of using the water for irrigation. 
If opportunity returns forgone as a result of a project are left out of the 
benefit-cost ratio this implies that the optimum cut-off point 12 for rationing 
11 See Edward F. Renshaw, "Value of an Acre-Foot of Water,» ]oomal of American 
W otcr Works Association ( March, 1958 ). pp. 303-309. 
u According to the March, 1957, issue of The Form Real Estate Market, the net return 
expected from rented agricultural land is six per cent. The Bureau of Reclamation uses 
a two and \me-half per cent interest rate to convert benefits and costs to average annual 
equivalents.' The present value of $0.035 per year (the difference in discount rates) for 
50 years, discounted at two and one-half/er cent is $0.99. By merely investing a dollar in fully developed land, the Bureau coul expect a 99-cent surplus of benefits over the 
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resources within and between projects is in excess of unity. In view of the 
fact that a benefit-cost ratio in excess of unity implies to many that a project 
ought to be undertaken, a case can be made for including in project analysis 
all opportunity costs associated with the construction of a given projectn 
Benefit-cost ratios that ignore opportunities forgone can be grossly mis­
leading. From an efficiency standpoint such ratios lead to a misallocation of 
resources vis-a-vis the ·public and private sectors, if not to real wealth losses. 
Currently the most flagrant example of undervaluing the resources used 
to produce project output, is in the use of discount rates approaching the 
yield on long-term government bonds. 14 The government borrowing rate is 
irrelevant in converting resource Bows to equivalent average annual flows, 
since the risk to the holders of government securities is not at all compara­
ble to the risk associated with public investment in water resource projects. 
The current justification for the use of the government borrowing rate 
is tlrnt it reflects a pure rate of return to capital. Since there .may be a posi­
tive liquidity yield associated with the holding of government securities 
and additional tax advantages occurring to holders of state and municipal 
bonds, it can hardly be argued that government rates reflect a pure return. 
Pure rates of return to capital, if in fact rates exist," would probably be 
higher. 
Unless risks and uncertainties associated with the construction and de­
velopment of water resource projects on public account are commensurably 
different from risks associated with private development, there would seem 
to be little point in differentiating between a return component and a risk 
component in the discount rate used to convert costs and benefits to com­
parable average annual equivalents. If risk is to be treated explicitly in 
terms of specific allowances for contingencies, conservative benefit esti­
mates, and fixed terminal dates, such allowances should be collapsed into 
an average rate to be directly compared with risk premiums associated with 
the production of comparable products in the market. Otherwise the public 
has little assurance that adequate allowances have been made in the project 
analysis to provide for the real risks and uncertainties inherent in resource 
development. 
assumed social cost of obtaining a dollar to be invested in a far more risky venhlre, the 
production of new land. If capital is to be rationed in terms of its opportunity cost, only 
those reclamation projects expected to yield a benefit-cost ratio of 1.99 to 1.00 should 
be built. 
11 One effect of a costing practice of this type would be to eliminate from further choice 
consideration all mutually exclusive alternatives that \Yould yield less than a maximum 
surplus of benefits over costs. 
u See Arnold C. Harberger, "The Interest Rate in Cost-BeneGt Analysis," Federal E:r­
penditure Policy for Economic Growth and Stability ( Washington: GPO, November 5, 
1957 ) .  
15 A more appealing "rate o_f return to capital'" could be obtained by taking a weighte
d 
average rate of return on the capitalized value of all producer wealth stocks. 
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Measurement of Costs 
In general, the measurement of resource costs used by a project is similar 
to the measurement of benefits. If resources used by a project are only a 
smaU proportion of total resources available for project use, we assume per­
f cctly elastic factor supply curves. Prevailing factor prices will reflect the 
exact value of the alternatives forgone as a result of the project. If some of 
the resources used by the project have inelastic supply curves, a linear 
approximation of their social cost can be obtained by averaging the re­
source prices expected to prevail with and without the project. As before, 
the cost of nonmarketable values and opportunities forgone as a result of a 
project is the net social surplus ( benefit) forgone. 
A few words should be said with respect to social costs of water resource 
investments generally overlooked. First both the direct and indirect costs 
arc associated with obtaining federal money. The direct costs consist of 
scarce resources used up in the process of collecting taxes and/or borrowing 
funds. The indirect costs consist of certain consumer and producer sur­
pluses forgone as a result of the imperfect way in which the government 
obtains its funds.18 Although costs of obtaining federal funds may be only 
a small percentage of total project costs, these costs should also be con­
sidered in project analysis. 
A second category of costs generally not considered to be project costs 
consists of administrative costs borne by the various agencies responsible for 
resource development and by the legislative branch of government. These 
costs typically represent a sizable proportion of the total costs associated 
with resource development programs. That portion of total administrative 
costs marginal to each project should be included in project justification. 
The fixed administrative costs of any agency can be justified only if they 
are less than surplus of aggregate benefits over costs for the agency's total 
program. If the fixed costs of administering an agency are high in relation 
to its total expenditures, there should exist, in addition to benefit-cost 
analysis for individual projects, an over-all benefit-cost analysis that would 
ascertain the justification of the entire agency program in terms of whether 
the aggregate benefits produced exceed all costs incurred by the program. 
An aggregate appraisal of the net social benefits stemming from any 
agency's program should concern itself not only with an ex anti benefit-cost 
a�alysis, but with an ex post analysis of the effectiveness of past investments. 
On both efficiency and distributional grounds, it would seem that far too 
little attention has been paid to the value of developing a framework for 
making e:x post benefit-cost analyses. 
•• Prof. Arnold Harberger at the University of Chicago has estimated, using a formula 
developed by Hotelling, that the weUare loss associated with the federal excise tax 
ranges from one to 25 per cent of the tax revenue collected; the median percentage 
being five per cent of the tax take. 
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BIAS IN ESTIMATING PROCEDURES 
In the second part of Toward Responsible Government, an attempt was 
made to analyze, in as rigorous a manner as possible, one major aspect of 
water resource development; namely, reclamation. On the basis of survey 
and other information, the benefits and costs associated with individual 
projects were scrutinized, and the results of an appraisal of 43 existing irriga-
, tion projects were presented. Only about a fourth of these projects now ap­
pear to have been justified on the basis of realized benefits exceeding costs. 
If average benefits on various existing projects in 1956 are compared with 
expected cost allocations associated with proposed irrigation investment in 
the Missouri and Colorado River basins, only one of the 30 units and divi­
sions proposed for these two projects can reasonably be expected to have 
a net benefit-cost ratio in excess of unity; the majority of the proposed 
units have net benefit-cost ratios substantially less than 0.5. The conclusion 
is inescapable that contemporary federal investment in both the Missouri 
and Colorado River basins cannot be justified on the basis of expected in­
creases in land and water values exceeding costs. This being the case, the 
question arises as to precisely how such projects are made to appear 
· ju.stificd. The answer to this question \vill be made clear in the following 
analysis of proposed irrigation in the Goshen Park Unit of the North Platte 
River basin. The potential Goshen Park Unit is located near Torrington, 
Wyoming, in east central Goshen County, Wyoming, and northwestern 
Scotts Bluff County, Nebraska. It would irrigate approximately 62,560 acres 
of undeveloped class two land lying on the south side of the North Platte 
·River above the Fort Laramie Canal. Goshen Park is the largest of eight 
units currently being appraised by the Bureau of Reclamation in the North 
Platte River basin. The procedures used by the Bureau to estimate benefits 
and costs are standard and representative of current appraisal techniques. 
The estimated cost per acre ( $563.00) of constructing the Goshen Park Unit 
is not high in relation to recent cost allocations per acre for such projects 
as the Missouri and Colorado River projects. Similar results would follow if 
the analysis contained in this paper were made in relation to other reclama­
tion projects.17 
The first indication that the Bureau's estimate of irrigation benefits on the 
proposed Goshen Park Unit represents a gross benefit is the assumption 
( first line, Table 1, column 2)  that the 291 families not now engaged in 
irrigated farming can achieve an alternative income of only $1,000.18 This 
assumption is unrealistic, depicting gross imperfections in the factor market 
for labor. Assuming that alternative income streams of $2,560 exist outside 
11 The basic data on the Goshen Park Unit is taken directly from U.S. Department of 
the Interior, North Platte River Basin Report, Denver, Colorado: Preliminary and 
unpublished report, Bureau of Reclamation, Region 7, July, 1953. 
u Includes the value of home-grown products consumed by the family, the value of the 
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Table 1 













Improved family living $ 990,720• S 560,76Qb $ 453,960 100% $ 453,960 
Incrensed C38h farm 
income 
Accumulation of equity 








1 3  
Development period factor (88.53) multiplied by direct farm benefits 
equals total annual net direct irrigation benefits 
Present value of total annual net direct irrigation benefits (discounted 
at 2.53 for 150 years) 
Present value per acre 
Construction costs per acre• 
Benefit-cost ratio {$698 + $563) - 1.24 








� Repreacnt1 dryland condition• without irrigation where 96 families achieve a living allowance of $2,660, 
and 291 achieve an alternatjve income of $1.000. 
• Derived by dividing the 1952 reconnaissance eatimate of conatruetion coet1 on the Goshen Park Uwt 
('35,204,000) by the proposed aereag� (62.560). 
Source: The buic data on the Ooahen Park Unit i1 taken directly from U.S. Department of the Interior, North Platte Ri•n Bonn Rtporl. Denver, Colorado: Prelimfoary and unpublished report, Bureau of Reclama­
tion, Recion 7, July, 1953. 
the area (and they surely do ) ,  families could move and be equally as well 
off as they would be if the government invested capital in irrigation and 
they remained locally employed. National income cannot be expected to in­
crease as a result of labor being employed on irrigated farms unless it earns 
a greater return than would be attained if it were employed elsewhere in 
the economy. 
If families can, in fact, achieve an alternative income stream outside 
irrigated agriculture of $2,560, this benefit attributed by the Bureau to irri­
gation would be zero; and the Bureau's estimate of net direct benefits should 
be reduced by 36 per cent. A deduction in direct benefits of 36 per cent 
would lower the Goshen Park benefit-cost ratio from 1.24 to 0.79. 
As far as the Bureau is concerned, increased farm income ( Table 1, 
second line) refers to an item in the budget study termed payment capacity. 
Payment capacity (see Table 2 )  certainly is not a net benefit attributable 
entirely to the project's construction costs; part of a farmer's payment ca­
pacity must be used to cover annual operation and maintenance charges. 
Amortization capacity would be a much better measure of the theoretical 
increase in cash farm income due to project construction. In fact, it is on 
the basis of expected amortization capacity that the Bureau negotiates its 
repayment contracts with the irrigation districts. Deduction of operation 
and maintenance charges from increased cash farm income would reduce 
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Table 2 
SUMMARY OF INCOME AND EXPENSES, REPRESENTATIVE 16o.ACRE FARM, 





Net farm income 











Payment capacity 11.56 
Less operation and maintenance charge 4.25 
Amortization capacity 
Amortization capacity, less 





the Bureau's estimate of direct benefits by another 21 per cent, leaving 43 
per cent, aod would further reduce the resulting benefit-cost ratio from 0.79 
to 0.53. 
It is difficult to imagine how the Bureau can rationalize that one per cent 
of expected equity accumulation ( which includes the farm investment in 
land, feed, buildings, machinery, and livestock) represents a direct benefit 
from irrigation. The fact that people save part of their incomes (forgoing 
current coiosumption) and invest it either directly or indirectly in irrigation 
enterprises rather than something else does not, in itself, imply a net benefit 
from irrigation. For a net benefit to accrue, the return on capital invested in 
irrigation must be higher than the return on the same capital invested else­
where in the economy. ( This would include the possible return to lending 
the same funds to nonirrigation farmers and letting them make investments.) 
An analysis of the assumptions underlying the farm budget appraisal of ex· 
pected returns under irrigation does not indicate a greater return on capital 
invested in irrigation on the proposed Goshen Park Unit than might currently 
be earned on funds invested in other equally risky business investments. The 
budget study assumes a modest five per cent return on invested farm 
capital.19 This "!'n be contrasted to an average return of six per cent ex· 
19 An additional bias in the direction of an overestimation of the true benefit from irriga­
tion is introduced by virtue of the fact that the budget study estimate of the value of 
farm invesbnent under irrigation is extremely low. The value of the land before irriga-
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p<>eted to accrue from all rented agricultural land in the United States in 
1956.:o 
In terms of the Bureau's own analysis, it seems fair to assume that the 
c>:<pected return on equity accumulation will not be greater than the return 
on the same funds invested elsewhere. One, therefore, should not attribute 
any return on farm equity to the construction of the irrigation project. Dele­
tion of one per cent equity accumulation decreases the Bureau's estimate of 
direct benefits an additional eight per cent, leaving a final net direct benefit 
amounting to 35 per cent of the Bureau's original estimate of direct benefits. 
With this adjustment, the resulting benefit-cost ratio is reduced from 0.53 to 
0.43. All three adjustments combined have reduced the benefit-cost ratio 
from 1.24 to 0.43. The only benefit remaining, which can reasonably be 
expected to be a net benefit attributable to the act of public investment in 
irrigation, is amortization capacity. It has already been pointed out that 
this is precisely the benefit estimate upon which repayment contracts are 
negotiated. 
As was argued earlier in this paper, a benefit-cost ratio of 0.43 is still too 
high, owing to the fact that a 2.5 per cent discount rate is used to make 
benefits and costs comparable. If amortization capacity is discounted by a 
4.5 per cent rate, which was the average rate on farm mortgage loans in 
1950, the resulting benefit-cost ratio is further reduced to 0.25. This ratio is 
slightly in excess of an alternative benefit-cost ratio calculated on the basis 
of a functional relationship existing in 1950 between land and water value 
per acre on 30 Bureau of Reclamation projects and the acreage percentage 
devoted to various crops.21 One is led to conclude that budget-study esti­
mates of irrigation benefits might not be so "bad" from the standpoint of 
determining an optimum resource allocation if care were taken to use an 
appropriate discount rate and if the procedure used to determine repayment 
capacity also determined project justification. 
By way of summary, the Bureau's procedure for estimating direct farm 
benefits leads to a gross benefit estimate; i.e., it includes certain items which 
should be offset by other expenses incurred by the farm enterprise. It follows 
that the Bureau's benefit estimate could not be collected from irrigation 
farmers in the form of water repayment contracts without coercion. By in­
cluding in direct benefits from irrigation a sufficient proportion of increased 
gross farm receipts, nearly all direct benefit-cost ratios could be made to 
exceed unity and appear to be economically justified in the sense that esti-
mated benefits equal or exceed estimated costs. 
· 
tlo�, fo.
r instance, is assumed to be the long-time average value of non
.
irrigated land 
which 1s considerably less than what the land could be purchased for m tl1e market 
today. 
• usoA, The Farm Real Estate Market ( November, 1956). p. 16. 
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